= = oem ae siden da eee sy pep errr 
Pp cate ene am z hone ah mm Fed ace Bead al etaeai nd 


peas peneteas 
t> 
eateaaaeeoe 
Bergeon ar 


5 
Se eiese ate 

rent 

7 


Sete bene 


PE eae eee ewe ak ae 


years St er} 


Satta 


eos) 


SSS 
= Soe ss 

eeapbctatubopsesycpotrespt 

Sstrcespeette beset 


perks pores! 


{i 


= 


3% 


5 


saeassee 


Site 


SoseSe: 
aatsiet 


Scprpeperenseeee 


Rotate} 


Ome Same 


i 
cit 
' fit 


i 
i 


i 


ers 


Ay 


" 


4) 
ine 
UE 
ths 
yy 

a 


Sesame eee esese 


2 
hase 
ais 
retin 


B * 
t a 


a iy 


Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


Washington, D. C. Vv February 21, 1917 


i, BULLETIN No. 463 & 7 


Contribution from the Office of Public Roads and Rural a 
Engineering, LOGAN WALLER PAGE, Director 


= 


* 


EARTH, SAND-CLAY, AND GRAVEL ROADS 


By CHARLES H. MOOREFIELD, 
* Senior Highway Engineer. 


CONTENTS. 

Page Page 
Location and design..................- Sean 2 GTAaVelinoad Succ ne sete eas Foe ee eee 45 
PU ONOAU Smee partes ok Soe be Loe Roadimaintenance see cee eee ee eee 58 
rAIIG=GleuVMROAUS Se aac eejeue Meee sic is ore cleteia wind 34 | Appendix: Typical specifications............ 63 


According to recent statistics gathered by the Office of Public 


Roads and Rural Engineering, the aggregate length of all public 


roads in the United States is, roughly, two and one-half millions of 


miles. Of this total mileage, earth roads comprise about 894 per cent, 


or considerably more than 2,200,000 miles; sand-clay nearly 2 per 
cent, or 44,000 miles; and gravel about 44 per cent, or 116,000 miles, 
which leaves only about 4 per cent, or about 110,000 miles, for all 
other types combined. The statistics also show that in the 10 years 
from 1904 to 1914 the increase in the mileage of improved roads, other 
than earth, sand-clay, and gravel, has been only from 2 to 3 per cent of 
the total, and that in States having the greatest mileage of improved 
roads, only about one-half of their aggregate mileage has yet been 
improved. From these figures it is evident that the construction and 


‘Inaintenance of earth roads will continue to be of considerable impor- 


tance in connection with every comprehensive plan of public road 
improvement. Also, since sand-clay and gravel surfaces often con- 
stitute the first steps from earth roads toward the more highly im- 
proved surfaces, either one or both of these simple types may be 
expected to constitute in the future, as at present, no small part 
of the total improved mileage in practically every community. On 
account of this wide distribution of earth roads and their close rela- 
tionship to sand-clay and gravel surfaces, public interest in these 
three types is both genuine and general and gives ample warrant for 
61531°—Bull. 463—17——1 
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the issuance of this bulletin, the aim of which is to supply reliable 
information concerning the construction and maintenance of earth, 
sand-clay, and gravel roads. 


LOCATION AND DESIGN.1 


Since nearly all public roads are laid out originally as earth roads, 
and since the original location and design usually have such an im- 
portant bearing on all subsequent improvements, it seems well to in- 
clude in this bulletin a brief discussion of the fundamental principles 
underlying the proper location and design of a public road. But, 
before undertaking such a discussion in detail, it is\desired to em- — 
phasize the all-important facts that for a particular road the best 
and most economical location depends largely upon individual judg- 
ment, and that well-balanced and experienced judgment regarding 
the relative importance of the various details involved is a much more 
valuable asset in undertaking to locate a road than mere technical 
skill in handling surveying instruments. No knowledge gained from 
books alone can give that complete grasp of the relations existing 
between a public road and the community it serves which is so neces- 
sary if the location and design of the road are to secure the greatest 
possible good from the money expended. 

In locating or relocating a public road the prime considerations | 
should be, first, the comfort and convenience of the traveling public 
which it is intended to accommodate; and, second, the economy of 
public funds. The first consideration fixes the general location of | 
the road and limits such details of design and layout as affect the 
safety and comfort of travelers. The second should control the — 
detailed working out of a location to suit the topography or surface 
layout of the region through which the road passes, with due regard 
for such features of the design as affect the cost of construction, of — 
maintenance, and of hauling over the completed road. 

The comfort and convenience of travelers require, first, that the 
road pass conveniently close to the dwelling places of those for — 
whose particular use it is built; second, that it be free from dan- 
gerous curves and grades and sufficiently wide for safe travel; 
and, third, that the surface be such as to remain reasonably firm’ 
and smooth and to become neither very dusty nor very muddy under — 
any combination of weather and traffic conditions. The extent to © 
which any particular road must meet these requirements depends, of — 
course, on the state of public sentiment in the community which pays q 
for the road. But in most communities it is safe to assume that the — 
standards of excellence as regards the accommodation demanded of | 


1 This section has been read and revised by P. St. J. Wilson, chief engineer, and T. War- | 
ren Allen, general inspector, U. S. Office of Public Roads and Rural Engineering. 
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public roads will be raised rather than lowered. Due foresight, 
therefore, should be exercised in working out the location and design 
of a road, so that later improvements, such as reducing grades, in- 
creasing the width of the traveled way, or constructing a better sur- 
face, can be made without the necessity of making expensive changes 
in the location or otherwise wasting any considerable part of the 
work already accomplished. 

A few general rules regarding the location and design of ay 
roads may be stated briefly as follows: 

1. Avoid sharp curves in the road, because such curves are a men- 
ace to traffic. On light grades and level stretches the location should 
- be preferably such that a traveler may see at least 200 or 300 feet 
ahead from any point on the road, and on steeper grades this dis- 
tance should be increased if automobile traffic is to be reasonably safe. 
Where the view is unobstructed and the grade is practically level 
country roads of ordinary width may be curved to a radius of only 
about 200 feet without seriously inconveniencing traffic, but to safe- 
guard against accidents the radius of curves located on grades should 
be preferably not less than about 300 or 400 feet, even if the view is 
perfectly open. 

2. Provide ample width for vehicles to pass each other without 
leaving the traveled way. The question of proper width is discussed 
on page 11. 

3. Bear in mind that if a road ever becomes of any considerable 

importance, its users probably will demand that all the steeper grades 
be reduced to the lowest maximum that would conform to the general 
topography of the region which the road traverses. The question of 
grades is discussed on page 11. 
4. Avoid all unnecessary distance. Aside from the advantages to 
traffic of a short route, each mile of additional road involves a con- 
siderable extra yearly expense for maintenance, and this alone may 
warrant the extra expense of shortening the route when the road is 
constructed, provided that the decrease in distance does not mate- 
rially increase the steepness of the grades. 

>: Regard land lines only in so far as this may be‘done without de- 
creasing the usefulness of the road or increasing its ultimate cost. 
The tendency in most rural communities is to locate all new roads 
along land lines, regardless of the suitability of the route, and this 
has been responsible for much waste in the past. Not infrequently 
roads located along land lines have been graded at considerable 
expense, and abandoned later when the community demanded a more 
highly improved road with better grades. 

6. Give reasonable consideration to the pleasing features of the 
location. A large part of the travel on most country roads is for 
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pleasure, and the degree of pleasure experienced in driving is largely 
dependent upon the scenic attractiveness of the road. 

7. Plan to avoid the necessity for subsequent changes in location. 
Such changes nearly always work hardship on some of those who 
have built homes along the road. 

The actual procedure of laying out a road should be controlled 
very largely by the lay of the land which the road is to traverse. » 
Where the country is comparatively level, for example, practically 
the whole problem, aside from proper drainage, may be to determine 
a reasonable balance between the desire to avoid unnecessary damage 
to farming land and the purpose to secure a reasonably direct route 
over good ground. 

One of the most common problems in laying out a road in level 
country is to decide between continuing a circuitous route around 
cultivated fields or along rectangular land lines, and estabishing a 
new diagonal route across the fields. Tables 1 and 2, showing. 
respectively, the area in acres occupied per mile by roadways of 
various width, with other relevant data, and the diagonal distances © 
across rectangles of various lengths and-breadths may be of some 
assistance in these cases. 


TaBLe 1.—Areas occupied by roadways of various widths and cubic yards of 
surfacing material required for 1 inch loose depth. 


Cubic || Cubic 
LAY ress 
surfacing || surfacing 

Area pga eam material | Area wae material 
Width of roadway | in acres ade required || Width of roadway | in acres = ds | required 
in feet. per mile | ,2° aitG for each 1 || in feet. per mile | phe Tani for each 1 
of length. age th.| wach loose || of length.) poets th,| ch loose 

Stn.) depth || stn.) depth 

| per mile per mile 
| of length. of length. 
ila s ee 5S ek ee 0.97 | 4,693.3 aS0ES | SO face see eeese seer 3.63 | 17,599.9 488.7 
1 Rete ee ee ae Bale 1.21 | 5,866.6 16259" eSGrF cee oe See 4.35 | 21 A2050 Mo - 2 ee 
P75 6 Se oA oe eee 1.45 7,040.0 19525 || 40 See aes 4.84 | 23, 466.4 [2.2 soles: 
AB eee Seas 1.93 | 9,386.6 20:6, |) BOR S reo see eae 6:05.) 29. 333.5 12-2 -eee ee 
DO SAY See ee es oe 2.42 | 11, 733.3 82598 (POU moe has ee ae W220.) (30,099) 0 areae eee 

7) Se eee 2.90 | 14,080.0 390.9 


TABLE 2.—Lengths of diagonals in miles for rectangles of various lengths and 
breadths. 


Breadth of rectangles. 


Length of rectangle. | 4 4 i 
i j B i j ; 4 : 
3 mile. | 3 mile. | ? mile. 1 mile. ales eiics ened 2 miles 
} 

Dr at oh a os Bi astecs Sol ose Ase eee 0. 353 0.559 0. 790 22 O30) 12274 1. 520 1. 767 2: 
cReep (eS ee eee sri See ne . 559 . 707 . 901 1.118 1. 346 1. 581 1. 820 = 
ZT Do See hs Se A eee ee | . 789 -901 1. 060 i Be | 1. 457 1.677 1. 904 2: 
MmUes sss eee aoe ees seoses 1: 0387 | 10118") 12250-2416) 26071? Teen2sh 2 ola 2. 
IS oe ee ee eee 1. 274 1. 346 1. 459 1. 600 1. 767 1.952 2. 150 2. 
SITIOS Sone eae ae area eae eek 1. 520 1. 581 1. 676 1. 802 1. 952 2.121 2. 304 2. 
pe orc (ea a nae ae ee eta cine wie ese = 1. 768 1. 820 1. 904 2.015 | 2.150 2. 304 2. 475 2 
Daniles oe. tae se tees oS et 2.015'| 2.061 4. 2:186-} °2.236'}  2.356:]' 2.5003}. 2.657 Z. 
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OPRREI9I7-BT 
Fia. 1.—LOCATION OF ROAD FITTED TO GROUND SURFACE. 


FiG. 2.—SHOWING WHERE RELOCATION WAS NECESSARY WHEN IT CAME TIME TO IMPROVE 
THE ROAD SURFACE. ALL WoRK DONE IN GRADING THE OLD ROAD WAS ABANDONED. 
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In mountainous regions, on the other hand, the problem may be to 
fit the road to the contour of the country, regardless of land lines, 
cultivated fields, and all other considerations except grade, drainage, 
and line. Plate I, figures 1 and 2, illustrates methods of solving 
some common location problems where the lay of the land, or topog- 
raphy, was an essential consideration. 

In general, the proper location and design of a road involves: (1) 
determining its controlling points; that is, fixing its general route 
with reference to certain points which the road must pass through, 
(2) surveying a route which passes through the controlling points 
and is otherwise adapted to the lay of the land, (3) a study of the 
drainage situation, (4) preparing such plans and drawings as are 
necessary for proper construction and a complete record. 


CONTROLLING POINTS. 


Such features of the locality as gaps through ridges, exposure to 
the sun, narrow stream crossings, and suitable points for crossing 
railroads (preferably by means of overhead bridges or under passes) , 


together with the necessity for connecting up with certain centers of 


population, usually will serve to fix the location of a road within 
fairly definite limits. For important roads these controlling points 
are determined by careful inspection of all possible routes. 


THE SURVEY. 


The care which should be exercised in making a road survey neces- 


- sarily must depend upon the importance of the road and the amount 
to be expended in its improvement. An ordinary farm road, for 


example, usually requires no survey other than lining it by the eye 


_ between the controlling points. Some unimportant public roads 
_ may require very little more than farm roads in the way of a survey, 


but if any considerable amount of grading or other work is to be 
done, either at the time the road is located or later, the survey 
should include all instrument work necessary to insure that the work 


_ will be done economically. 


The purposes of a survey are (1) to determine accurately the 


_ topography or lay of the land so that the location may follow the 


route which presents the fewest obstacles, (2) to fit the grade. line 
to the ground surface so as to keep down the amount of grading 
necessary, (3) to balance cuts and fills so that whatever grading is 


| done will be to the best possible advantage, (4) to line up the road 


and provide stakes for controlling the work, (5) to obtain data from 
which proper plans may be prepared and an estimate of cost made, 
(6) to provide a record that will prevent subsequent contentions 


| among landowners regarding the original location of the road. 


While the importance of all these purposes is.apparent, frequently it 
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is not realized that they can not be accomplished except by means of 
a careful survey, and that such surveys can be made only by experi- 
enced men who have been trained especially for such work. Farmers 
and business men generally are inclined to underestimate the amount 
of skill required to make a road survey properly and their influence 
has been responsible in the past for much bungling and for uneco- 
nomical road work for which they have had to pay in heavy taxes. 
Figure 1 illustrates an error which is made sometimes by inexpe- 
rienced persons in grading a road without first having surveyed and 
planned the work. In this figure, which is an actual profile of an ex- 
isting road, line A shows the original ground surface, line B shows 
the grade to which the road was actually constructed, and the dotted 
line (C) shows a grade line which, if it had been followed, not only 


Sesues testessses sesseerees censsesees Ssseeseesaneszassstsassese>s ccereras 
HHEELLHEEraaHees HEESEHeES HeEETEnEESHePPEEEETenaenenenaaoese cts _A_ shows the original grade of an old road 
BEER eee eet B™ shows a whos, Inoue greatly used method of 
: cutting the top of the hill and filling in at the bottom. 
nit «The result is no tmprovement except to shorten 

‘the grade. 

‘C Shows the proper method of cutting the face of 
the hill instead of the top, thereby reducing 
the steepness of the grade without increasing the 
amount of material. moved. 


idige- ab. 


—————————— He 
SHddHHEREEEEEEEELEEEETTTaa eengeettsee’ 


would have required no additional work, but would have reduced 
the steep grade materially and thereby improved the road con- 
siderably. 

In fitting the grade line to the ground surface and balancing cuts 
and fills it should be borne in mind that earth, after being thoroughly 
compacted, will occupy less space in an embankment or fill than in its 
original position. The customary allowances for shrinkage and 
waste in road work are: 


Per cent. 
For heavy cuts and fills___ fe Ber eee wh 1. UA tap aes 
For average grading ____-_______ ye ne? 2 SAE Ee . 15 to20 
Hornvicht eradins § >). a eae [St ots ton CA ae 
For yery light grading and considerable sod____---__~- 30 to 40 


Solid rock will expand from one-third to one-half of its original 
volume when taken from a cut or excavation and placed in an em- 
bankment. But the spaces between the particles of stone should be 
filled with earth as the stone is being placed in the embankment. If 
this is done, no allowance should be made for the increase in volume 
when balancing cuts and fills. 
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DRAINAGE. 


The subject of road drainage has been discussed at considerable 
length in other bulletins of the Office of Public Roads and Rural 
Engineering, and therefore will be given only brief mention here. 

Effective drainage usually should be the very first consideration in 
connection with the location and design of any road. This state- 
ment requires no explanation, because the action of water in chang- 
ing clay into mud and in causing all kinds of soils, except sand, to 
give way when a load is applied, is familiar to every person living in 


SIDE DITCH 


Bre. 2! 


a humid climate. The following summary supplies a few suggestions 
as to how water may bést be removed from a road bed: 
1. The road surface should be crowned so as to shed water off 
to the side ditches as rapidly as it falls on the road. The typical 
cross sections (shown in figs. 15, 20, and 22) indicate the amounts 
of crown advisable under different conditions. These figures are 
supplemented by a discussion on page 9. 

92. Wherever the road is in an excavation, suitable side ditches or 
gutters should be provided along the sides so that the water may 


SIDE DITCH 


Y ROADWAY WK 


SOI AY 
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be conducted to some point where it may be turned off from the 
road. Figures 2, 3, and 4 show typical cross sections for earth side 
ditches. The cross section shown in figure 2 is suitable for steep 
grades where the depth of water in the side ditches must be kept low 
in order to prevent washing of the soil. Figure 3 shows a modified 
section which gives a greater capacity for the same widths of ditch 
than the cross section shown in figure 2, but which can be employed 
only on comparatively flat grades if washing is to be prevented. 
Figure 4 shows a cross section adapted especially to flat grades where 
a considerable volume of water must be carried. Ditches of the 


8 BULLETIN 463, U. S. DEPARTMENT OF AGRICULTURE. 


cross sections shown in figures 2 and 3 have the advantage in that 
they may be constructed with an ordinary road grader, which is not 
true of the section shown in figure 4. 

3. Where it is impracticable to construct side ditches that will carry 
the required amount of water without washing, paved gutters should 


SIDE DITCH 


~ 
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be employed. Suitable cross sections for a cobble gutter are shown 
in figures 5 and 6. Where it is impracticable to construct gutters, 
earth side ditches frequently may be kept from washing by the use 
of breakers (figure 7).: 


Ss COBBLE GUTTER 


FTIR, ROADWAY 
Cobbl e 6to 10" longest 

ee diameter. 

sesseee™ 4 Sand bedding about 2" thick. 

Foundation of gravel or broken stone. 
Fic. 5. 


4. If the material composing the roadbed consists of springy 
earth, some form of underdrainage is essential. A line of farm tile 
laid to proper grade under each side ditch is, in general, the most 
satisfactory way of securing adequate underdrainage. Either 4-inch 


Oo COBBLE GUTTER 


ve. , POU 
NN seeetsice|so 10" longest diameter. 
vo ecenam” F Sand bedding about 2° thick. 
Foundation of gravel or broken 
stone. 


Fic. 6. 


or 6-inch tile is employed for this purpose. Figure 8 illustrates the 
customary method of constructing tile drains. 

5. Culverts or bridges should be constructed wherever it 1s neces- 
sary to carry water across the road. No rules regarding the plan- 
ning of these structures can be given here. 

e 
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6. Avoid turning water from one intersecting road down the side 
ditches of another. Also avoid draining adjacent fields into the 
side ditches. ’ 

| CROWN. 


The proper crown to give the cross section of a road surface de- 
pends on two opposed factors: 

(a) It is desirable to get water away from the surface as quickly 
as practicable, so as to prevent the surface material from being 
softened by saturation or washed away by water collecting in, and 
flowing along, ruts. 

(6) It is desirable to keep the cross section of the road as flat as 
is consistent with good drainage, because traffic distributes itself 
over a flat road sur- 
face much better 
than over one that is 
heavily crowned, and 
an even distribution 
of traffic makes to- 
ward uniform wear. 
and comparatively 
light maintenance. 
There is also less 
danger of skidding 
on a road of flat 
cross section than 
where the surface is 
crowned. 


OPRREI2252 


In general, the Fie. 7.—Use of wooden breakers to prevent scour of side 


amount of crown ditch. 


should be greater on grades than on level stretches of road, because 
the tendency for water to wash away the surface by collecting in 
and flowing along ruts depends largely upon the steepness of the 
grade. Also the care with which a road is to be maintained may 
have an important influence on the amount of crown that should be 
given to the surface. It is evident that a road surface maintained 
in a smooth uniform condition will shed water off to the side ditches 
with much less crown than would be required where ruts are allowed 
to form. 

Instead of crowning the road surface sufficiently to prevent water 
from flowing along the traveled way and causing washes on steep 
srades, resort is sometimes had to “water breaks,” or “ thank- 
you-ma’ams,” constructed across the road at short intervals. These 
water breaks may consist of either broad, shallow ditches or flat 
ridges constructed at a slight angle with the road so as to turn 


* 


10 BULLETIN 463, U. 8. DEPARTMENT OF AGRICULTURE. 


water from the traveled way into the side ditches. Such devices 
usually are much more objectionable, especially to automobile traffic, 
than a rather heavily crowned road, provided the surface is not con- 
structed of material which becomes very slippery when wet, and they 
should be dispensed with except in extreme cases. 

An exception to the general rules for crowning a road surface 
perhaps should be noted as applying to cases where the roadbed and 
surface are of sand. In such cases it is preferable that the cross 
section be flat so as to retain as much moisture as practicable, though 
in cold climates a shght crown may be desirable in order to afford 
drainage when the surface is frozen. But sand roads must be sur- 
faced with some other material if they are to be imn~sved to any 
extent, and in that case the surface of the traveled way would have 
to be crowned as 
usual. Also, where 
curves occur in the 
alignment it is desir- 
able to “bank” or 
elevate the outer 
edge of the roadway 
and thus make the 
crown one way. 

Bearing in mind 
the foregoing diseus- 
sion, the crown limits 
indicated for the 
typical cross sections 
(shown in figs. 15, 20, 
and 22, respectively), 

orreizs38 should provea fairly 
Fic. 8.—Constructing a tile drain, Montgomery County, Md. - > 3 
reliable guide in de- 
termining the proper crown for earth, sand-clay, and gravel road 
surfaces under any set of conditions ordinarily encountered, 

Figure 9 shows a cross section sometimes used for roads cut into 
side hills. The advantages claimed for this section are that whatever 
skidding occurs will be toward the hill rather than over the bank, 
and that the drainage water collected in the side ditch can be turned 
across the road at suitable points instead of being allowed to wash 
away the face of the embankment and perhaps damage abutting 
property. Except where short curves occur in the road, these ad- 
vantages hardly seem sufficient to overcome the objection that all 
water falling on the upper portion of the surface must flow across 
the lower portion in order to reach the side ditch. Traffic naturally 
will seek the part of the road next to the hill, and this concentration 
of traffic, together with the additional water, will tend to produce mud. 


eS) ee ante 3 


bond, © 


EARTH, SAND-CLAY, AND GRAVEL ROADS. 11 
WIDTH. 


The minimum width to accommodate safely two lines of average 
horse-drawn traffic is 14 feet, and for automobile traffic the width 
preferably should be not less than 18 feet, though a width of 16 feet 
is used frequently. In order to maintain the traveled way to the re- 
quired width and to afford proper safeguards against accidents, it 
is necessary to provide a shoulder not less than 3 or 4 feet wide along 
each side of the roadway proper. The shoulders may have a some- 
what steeper crown than the rest of the road surface, as shown on the 
cross-section drawings, figures 21 and 22, but they should be sufhi- 
ciently flat not to endanger traffic using them and really should con- 
stitute an additional width of roadway. This means that the total 
width of roadway between side ditches never should be less than 20 
_ feet where horse-drawn traffic predominates, and 24 feet where any 
considerable volume of automobile traffic is to be accommodated. 

Where sharp curves occur in the alignment it is desirable, though 
not customary, to increase the width of the traveled way. <A vehicle 
being drawn along a curved road tends to occupy an appreciably 
greater width than where the road is straight, and unless the width 


eae 3 ‘fo I" per foot, depending on the rate of curvature and grade 


GROSS SECTION SOMETIMES USED ON SIDE HILL CURVES TO rey el 
SKIDDING OF VEHICLES AND EROSION OF THE SLOPES 


Fic. 9. 


of the traveled way is increased correspondingly, this tendency con- 
tributes materially to the hazards that invariably accompany sharp 
curves. The minimum widths given above should also be increased 
on embankments of any considerable depth, so as to make maintenance 
easier and at the same time diminish the danger of accidents. 

The width of right of way required to provide all necessary area 
for the roadway, slopes and ditches varies considerably with the 
nature of the topography. Where the topography is flat, or gently 
rolling, a 50-foot right of way usually will be sufficient for a 20-foot 
roadway. But where the country is very rolling or hilly the width 
of right of way usually should be at least 60 feet. For roadways 
wider than 20 feet it is usually sufficient to increase the width of 
right of way by the same amount that the width of roadway is 


increased. 
. GRADES.1 


In designing a public road one of the most difficult problems to 
solve properly is the question of maximum allowable grades. In 


1B. B. McCormick, mechanical engineer, U. S. Office of Public Roads and Rural Engi- 
neering, has furnished the data on which this discussion is based. 
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deciding this question, the advantages to be gained by reducing all 
of the steeper grades on a particular road to a given maximum should 
be weighed against the additional cost which the reduction involves. 

The following data and suggestions are intended to aid individual 
judgment, which necessarily must be the prime factor in solving this 
important problem: 

1. The cost of average pleasure traffic, horse-drawn and motor, is 
practically unaffected by grades of not more than 6 or 7 per cent (6 or 
7 feet rise per 100 feet, measured horizontally), provided the con- 
ditions are such that it is unnecessary to apply the brakes to vehicles 
when descending the grades. But for traffic where loads are as im- 
portant as speed, even very hght grades may be of considerable 
disadvantage. 

2. Increasing the steepness of a grade decreases in three distinct 
ways the load a horse can haul: (a) for the same character of 
surface, the required tractive effort or pull’ per ton of load is 
increased by about 20 pounds for each per cent increase in grade; 
(6) the possible pull the horse can exert 1s decreased by an amount 
equal to the effort required to lft his own weight through the rise; 
this amount is approximately equal to one one-hundredth of the 
horse’s weight for each per cent increase in grade; (c) the effective 
pull of the horse is reduced by the change in the angle at which the 
pull is applied. 

3. The pull a horse can exert on a level road varies greatly with the 
individual animal, and is affected by the manner of hitching and the 
skill of the driver. The character of the road surface also may have 
an important influence by affecting the security of the horse’s foothold. 

Tests * made by the Office of Public Roads and Rural Engineering 
indicate that, on a level road, average farm horses untrained to the 
road can exert a steady pull for several consecutive hours equivalent 
to from 0.08 to 0.10 of their own weight without undue fatigue, and 
that by resting at intervals of from 500 to 600 feet they can exert a 
pull equivalent to about 0.25 of their weight, provided the foothold 
is good. 7 

4. The tests referred to above also indicate that with a well- 
constructed wagon the pull required to move a gross load of 1 ton 
over a level road varies about as follows: 


Pounds. 
Boose: Sang eroad Wk 8 alk Bee ee a ae oe Se 315 
Average dry earth road (varies greatly) _-—--____________ 150 
Kirn: earth:or.sand-clay rosa. .442- ee 105 
Average eravel road... = 2. 3.5 2 ee eee 80 
First-class gravel or macadam road_ ph hep | PRGER Ts SRE 


1 Pull is here used to mean the actual strain which a horse exerts against the whiffile- 
tree, and which might be measured by placing steelyards in the traces. 

2 These tests are not yet complete and subsequent results may cause the conclusions to 
be slightly modified. 


EARTH, SAND-CLAY, AND GRAVEL ROADS. as 


5. Table 3, of loads is based on the foregoing statements, assum- 
ing the weight of the average horse at 1,200 pounds, the pull he 
is capable of exerting continuously for several consecutive hours 
on a level road at one-tenth of his weight, his maximum pull on a 
level road, over a distance not to exceed 500 feet without a rest, at 
twenty-five one-hundredths of his weight; and assuming that a pro- 
portionate part of a horse’s energy is devoted to lifting his own 
weight on grades. | 


TABLE 8.—Effect of grades on the gross load a 1,200-pound horse can haul.* 
Hpac is Roahone |) 1 Rowdee bY average | eae 
a CeeP cane. dry earth. orsand-clay. | & * | macadam road. 
Per cent of grade. 

\ Contin-| Maxi- | Contin-| Maxi- | Contin-| Maxi- | Contin-| Maxi- | Contin-| Maxi- 
uous | mum | uous | mum | uous | mum | uous | mum |} uous | mum 
load. | load. | load. | load. | load. | load. | load. | load. | load. | load. 

Pounds.|Pounds.|Pounds.|Pounds.|Pounds.|Pounds.|Pounds.|Pounds.|Pounds.| Pounds. 
OL Ao ee en ee 760 | 1,905 | 1,600] 4,000 | 2,285] 5,715 | 3,000} 7,500] 4,365{ 10,910 
MURS OE SLE TE tees, 645 | 1,720 | 1,270] 3,390] 1,725| 4,610] 2,160] 5,760| 2,880] 7,680 
Duh cs eee tea ae eee 540 | 1,550} 1,010} 2,905 | 1,325) 3,805] 1,600 | 4,600 | 2,020 5,810 
She a ae at 445 | 1,410 800 | 2,515} 1,020] 3,200] 1,200] 3,770] 1,460| 4,590 
Lt Se es Sed Ri 365 | 1,275 625 | 2,190 780 | 2,725 900 | 3,150] 1,065| 3,735 
5, ik Se a ae esa ee 290 | 1,155 480 | 1,920 585 | 2,340 665 | 2,665 775 | 3,100 
MRO Tra ie eat, Je 160 950 250 | 1,490 295 | 1,765 330 | 1,965 370 2,215 
TIO) Ao eS oe AR ace es MOOS Sele A O30. ake TAR0al Sate 12854 | 2. eee 1, 410 
TSS 3 Sica eS Seal ae ES a 390M ee. DS Aaa S90s | ee ae GSOR| hs keeees 675 


1 This table is based upon the assumption that for the same road surface the pull varies 
directly with the weight of the load. ‘Tests to be made may make it necessary to modify 
this assumption. 


Table 3 shows conclusively that for economy the maximum grade 
for any particular road should be fixéd with due regard for the type 
of surface to be employed. For example, where the road is through 
deep sand, a horse of the character assumed, by extraordinary exer- 
tion, could pull his allowable continuous load of 760 pounds for level 
grades up a short grade of about 10 per cent, while in the case of a 
firm earth or sand-clay road the allowable continuous load for level 
grades is 2,285 pounds, and the steepest grade up which the horse 
could possibly pull this load is about 5 per cent. For average gravel 
roads the corresponding comparison would show a maximum grade 
of about 4 per cent. 

Comparisons of the kind made in the preceding paragraph are not 
sufficient, of course, to determine the maximum allowable grades for 
any particular road, because, in general, the judgment should be 
largely influenced, in fixing the maximum grade, by the topography 
of the region which the road traverses. According to the best current 
practice, where the road is or is expected to become of sufficient im- 
portance to warrant a highly improved surface, the maximum grade 
usually is fixed with reference to this feature about as follows: 


Per cent. 
Coastal. plain and. prairie regions 22 0020 2 to 3 
PCR EOlM a COUN So aru MGs 4 to 6 
Hilly or mountainous regions__________ “ih Ag Ee 6 to 8 


¥ 
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The question of minimum grade is of importance only as regards 
the side ditches. These should have adequate fall to empty the water 
that collects in them at a sufficiently rapid rate to prevent damage 
to the road. Ordinarily it is desirable to give the side ditches a fall 
of about 1 foot per 100 feet of length, though a somewhat less fall | 
has proved satisfactory sometimes. 

Wherever changes in grade occur the change should be made by 
means of a vertical curve, and not by an abrupt angle. 


SLOPES. 


The slope at which earth will stand when faced up in a cut or 
placed in an embankment depends (1) on the character of the earth 
and (2) on the climate. In cuts, a good quality of nonslaking clay 
often will stand on a slope of about 45 degrees, or, as slope is 
expressed usually, 1 horizontal to 1 vertical, even where fairly deep 
freezing occurs, and in some of the Southern States such material 
has been known to stand for many years on a slope of less than one- 
half to 1. On the other hand, clay that. slakes very easily may 
require a slope of 3 to 1, or even 4 to 1, under the most favorable 
condition of climate, but this latter extreme is very unusual. The 
usual slope for clay in cuts is 1 to 1 in warm climates and 14 to 1 
in cold climates. 

While in the case of embankments clay usually can be deposited 
on an initial slope of about 1 to 1, this steep slope seldom can be 
maintained unless the material is of an exceptional quality and the 
climate very favorable. Ordinarily clay embankments should have 
a slope of about 2 to 1 in cold climates and at least 14 to 1 in warm 
climates; and if the clay be of questionable quality these values should 
be increased. Embankment slopes require more care in construction 
than excavation slopes, because any flattening of an embankment 
slope by the action of weather after the road is completed is very 
likely to damage the road surface, while the sliding in of excavation 
slopes does no further damage than to obstruct the side ditches, 
which can be reopened readily. 

Sand of average quality generally requires a slope of about 2 to 1 
in cuts and 3 to 1 in embankments, regardless of climate. Moderately 
coarse sand mixed with gravel will stand on a steeper slope than 
fine sand, because the former is not moved so readily by the action 
of storm water. 

Solid rock excavation usually can be done on an average slope 
of about one-fourth to 1, except where the rock occurs in sloping 
strata separated by slippery clay seams. In the latter case the aver- 
age slope may be as much as one-half to 1 or three-fourths to 1. 
The faces of rock cuts, as a rule, are not dressed down to even an 
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approximately smooth slope, as is done in earth cuts. In excavating 

solid rock only such material is moved as is actually necessary to 
obtain the desired width at the bottom of the cut or as has been 
loosened in blasting. The faces should, of course, be cleared of all 
material which is loose, or which might be loosened subsequently by 
frost and slide down upon the road. Stone embankments will stand 
‘on a slope of about 1 to 1. 

In order to prevent damage by washing all earth slopes in either 
excavation or embankment should be protected by a growth of grass 
as soon as practicable after they are formed. 

In many localities where the soil is fertile and a good quality of 
grass 1S native no seeding of the slopes is necessary. In other cases 
the soil may not possess sufficient fertility to grow grass, even when 
the slopes are seeded, and in which event it may be very desirable to 
cover the slopes with cut sod. This latter process usually is very 
expensive, and should be employed only where it is known that 
thorough seeding and fertilizing would fail to secure a covering 

of sod. 
Another precaution frequently necessary in order to prevent the 
washing away of excavation slopes is to intercept water from the 


CROSS SECTION SHOWING BERM DITCH BUILT ABOVE SLOPE 


Dimensions of the ditch are determined by the a t 
‘Cis generally 18" to 24" and“G" about 12°. Eee ra eer eee carmied, 


Fic. 10. 


natural ground surface which otherwise would flow down over the 
excavation slope. This is done by means of a “berm” ditch :con- 
structed well back from the top of the slope. Figure 10 illustrates 
a condition which makes a “berm” ditch desirable and also shows 
how such a ditch is constructed. 


EARTH ROADS.! 


Roads constructed by grading the natural soil to the required 
shape, grade, and alignment, without special surfacing of any kind, 
are designated as earth, or dirt, roads. The efficiency of such roads 


1 This section has been read and revised by P. St. J. Wilson, chief engineer, and T. War- 
ren Allen, general inspector, U. S. Office of Public Roads and Rural Engineering. 
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depends (1) on the quality of the soil composing the roadbed, (2) on 
proper construction, and (3) on adequate maintenance.? 


SOILS. 


The principal qualities of soils from the standpoint of road con- 
struction depend upon texture and structure, permeability, and capil- 
lary power. Soils usually are classified as clay, sand, loam, gravel, 
marl, or gumbo, according to the material predominating in their 
composition. Soils composed of two different materials mixed in 
such proportions that the character of the mixture is decidedly inter- 
mediate may be designated conveniently by naming both components, 
as sand-clay, sand-gumbo, gravelly clay, etc. Reference to Table 4, 
giving approximate bearing powers for different soils, will show 
that this classification may be of considerable significance in road 
construction. : 


TABLE 4.—Approzimate safe bearing powers for different soils. 


| 


| : Range of ee of 
- £ = earing power | . : ring wer 
Kind of soil. | (pounds per | ._ Kind of soil. (pounds per 
| squareinch). Squareinch). 
EV CLAYS 95087. 5 oboe ees aso ee 50 to 80. Moist loait_s =) 252 ee 3 to 10. 
MOIST Clay eaten e eee se ae 6 to 50. Dry SOMO > 22282 2 sce ee ee | 15 to 30. 
Sancorerwmel. 3 ee 25 to 85. | wee abe OL SoS Sa ee ae /1tol0. 
DE AORN Se es. alse aos Rae ee 10 to 20. Marlee da. Se ee ee eee Same as clay. 
CLAY: 


Clay is a soli of very fine texture which results from the complete 
decomposition of rocks or minerals. Pure clay is very retentive of 
moisture and usually becomes plastic and unstable when wet, but 
when mixed with other materials, such as sand or gravel, its sta- 
bility may be increased greatly. In general, a clay road, to be 
passable, must be kept dry, and since clay is very difficult to drain, it 
happens seldom that roads composed entirely of clay can be kept in 
good condition at all seasons of the year. No matter how well such 
a road may be graded and crowned the surface absorbs water in 
wet seasons and subsequent traffic will produce mud. But when 
the road is shaped and drained properly it will dry out quickly 
when the weather becomes favorable and may soon be restored to its 
original shape. On the other hand, clay roads, when very dry, 
usually produce considerable dust under traffic, and for this reason 
may become very insanitary in extended dry seasons. 

The extent to which clay roads are subject to the objections men- 
tioned above varies generally according to the so-called “slaking” 


1 Since the discussion of maintenance, as treated in this bulletin, will apply to the three 
road types under consideration, it has been placed after the chapter on gravel road 
construction. 


ee ee ae ee eee 
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~ qualities of the clay. Some varieties of clay, when compressed into 


a ball and placed in water, will continue in the original shape for 
a considerable time, even if thoroughly saturated and softened, | 
while compressed balls made from other varieties will slake or break 
down almost immediately upon being placed in water. Clays of the 
first-mentioned variety are called “nonslaking clays,” and of the 
latter, “slaking clays.” It has been observed that slaking clays pro- 


_ duce more mud in wet weather and more dust in dry weather than 


those of the nonslaking variety. This characteristic of clays is fur- 
ther considered in the discussion of sand-clay roads appearing in 
another part of this bulletin, where methods for testing clay are 
suggested. 

Most clays, as they occur in nature, contain more or less sand or 
gravel, which, as pointed out above, usually has a stabilizing effect by 
making the clay more easily drained and increasing its bearing 


_ power when wet. In fact, a good quality of clay mixed with coarse 


sand in such proportions that the clay fills the voids in the sand and 
cements the individual particles together produces a soil which pos- 
sesses the good qualities of both materials and which overcomes, to 
a great extent, the objections to each. 


2 


SAND. 


Sand is composed of granular particles of mineral or stone which 


occur in nature and which will pass a }-inch mesh screen. The 


4-inch mesh screen is fixed arbitrarily as the dividing line between 
sand and gravel and is generally, though not universally, accepted 
as such. Nearly all sand consists essentially of quartz grains that 
are very hard and durable. But there is no coherence between 
the different grains, and therefore soils composed principally oi 
sand are unstable, except when confined in some way. If properly 
confined and protected from undermining, sand foundations may,’ 
under favorable climatic conditions, prove entirely satisfactory for 
almost any type of road crust, but it is practically impossible, under 


_ any circumstances, to make a satisfactory road surface of sand alone. 


Dry sand offers almost as great resistance to traffic as mud, and except 
in very wet seasons sandy roads are likely to dry out to a considerable 
depth. The reason for this is that the capillary power of sand is 
comparatively low and the ground-water elevation may be lowered 
practically to the prevailing level of surface streams in extended dry 
seasons. 

Sand roads are at their best when they are kept moist, and for 


_ this reason they should be designed with a view to retaining moisture 


in the sand rather than to effective drainage, as is the case with clay 
61531°—-Bull. 463—_17——2 
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roads. Such roads sometimes are improved temporarily by mixing 
sawdust, straw, pine leaves, or other similar material into the sur- 
face, but, in general, the sand-clay crust is the most satisfactory im- 
provement for roads of this character. This is true especially where 
clay may be obtained readily and only limited funds are available 
for the improvement. 


LOAM. 


Loam is a soil composed of clay and sand, mixed with a consider- 
able percentage of finely divided vegetable matter or humus. The 
quality of loam from the standpoint of road building depends very 
largely upon the proportions in which sand and clay are present and 
on the character of these materials. Loam that contains about 60 per 
cent of moderately coarse sand and from 20 to 30 per cent of good 
cementing clay usually will make an excellent road surface for light 
traffic. Material of this kind is drained easily and is fairly stable, 
even when wet. Another advantage is that it will not become very 
dusty under traffic in dry weather and frequently will cement together 
into a very hard, compact surface. Roads surfaced with such ma- 
terial are commonly called “ topsoil” roads, because the topsoil of 
cultivated fields possesses the desired characteristics more frequently 
than that to be obtained from any other source. Topsoil is constdered 
further in this bulletin in connection with the discussion of sand-clay 
roads. 


GRAVEL. 


Gravel is made up of small rounded particles of stone which occur 
in nature and are sufficiently large to be retained on a 4-inch mesh 
screen. Gravelly soils are distributed widely in the United States, 
and vary widely in quality. In general, when a soil contains as much 
as 40 or 50 per cent of gravel and sufficient clay or other cementing 
material to bond the gravel particles together, it proves a very satis- 
factory material for construction of roads, because it is drained easily 
and is very stable when compacted. The various characteristics of 
gravel are considered at much greater length in the discussion of 
gravel roads. ; 


MARL. 


Marl is clay containing a relatively large percentage of carbonate 
of lime. It grades into calcareous clay and argillaceous limestone, 
and its value for road building is variable. In general, this material 
has few advantages over the best varieties of ordinary clay for use 
in constructing a road, unless the percentage of lime carbonate is 
sufficiently high to give it, when compacted, approximately the char- 
acter of limestone. The best varieties of marl become very hard 


er Petpet gO 5, a 64: tt 
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and compact when placed in a road surface, and in some localities 
this material is used extensively for road surfacing. 


GUMBO. 


Gumbo is essentially loam containing a high percentage each of 
clay and decayed vegetable matter and a very low percentage of sand. 
Gumbo has a strong tendency to absorb and hold water, and there- 
fore is hard to drain. It is harder to handle in a road surface 
than clay, because the vegetable matter is an added weakness, but if 
protected from surface water by a proper system of drainage, it may 
be used to construct a fair subgrade for supporting some type of 
impervious road crust. Gumbo has a relatively high capillary 
power, and for this reason its occurrence in a road bed often will 
necessitate the use of subdrainage, even under conditions favorable 
for surface drainage. | 


CONSTRUCTION OF EARTH ROADS. 


The work of constructing an earth road, after the general location 
and design have been decided upon, may be separated into six more 
or less distinct operations, viz: 

(1) The work is staked out in accordance with previously pre- 
pared plans; (2) the right of way is cleared of all trees, brush, 
stumps, etc., which would interfere in any way with the work; (3) 
all necessary bridges, culverts, drains, and other structures which 
extend under the road surface are constructed in accordance with 
proper designs; (4) the roadbed is brought to the required width 
and grade by making excavations and constructing embankments; 
(5) the surface is finished to the required cross section and so main- 
tained until compacted thoroughly; (6) all necessary outlet ditches, 
gutters, guard rails, fences, etc., are constructed in accordance with 
the plans. Me 


STAKING OUT THE WORK. 


Before any construction work is started on a road the limits of 
_ the work should be marked clearly by setting line and grade stakes 
at convenient intervals. The same stakes generally are made to 
serve for both line and grade, and the space between successive 
stakes is made 100 feet. Heavy reference stakes are driven on 
each side of the center line sufficiently far out not to be disturbed 
during the progress of the work. Then, as the work proceeds, such 
supplementary stakes as are necessary for marking the tops and 
bottoms of slopes, ditch lines, etc., may be set from the reference 
stakes by means of a string level and a metallic tape. 

Culvert locations usually are fixed on the ground by means of two 
stakes in the line of the culvert, one near each end. 
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After the work has been staked out the right of way should be 
cleared of all trees, stumps, brush, fences, etc., which occur within 
the lines of the work. Trees and stumps should be grubbed out 
or cut off at least 18 inches below the finished surface of the road- 
bed over them, and no parts of trees, stumps, or other perishable 
raatter should be left in areas to be covered by embankments. 
Sightly trees that would not interfere with the work or obstruct the — 
road in any way should be trimmed to a neat contour and left to — 
afford shade. 


CLEARING. ; 
4 

: 

: 

+ 


CONSTRUCTING CULVERTS, DRAINS, ETC. 


Alli drainage structures extending under the surface of the road 
should be completed, and the necessary backfills made over them 
before the work of grading is begun. There are two reasons for this. — 
One is that usually less excavation will be required for such structures — 
before the grading is completed than after, and the other that it is — 
desirable to give the backfills as much time as possible to settle before _ 
the grading is completed, so as to avoid irregular settlement later. i 

The conditions under which culverts and drains are constructed — 
vary to such a great extent that no attempt will be made here to ~ 
discuss the detailed methods of construction. | 


GRADING. 


The grading of an earth road includes all excavating, hauling, — 
and filling necessary in constructing the roadbed, slopes, side ditches, 
etc., and usually is by far the largest item of work connected with 
earth-road construction. The most economical methods and ma- 
chinery to employ in grading a particular road depend on the charac- 
ter and amount of the work to be done. Where, for example, the 
grade and cross section of the road follow closely the original ground 
surface most of the necessary grading usually may be done with a 
grading machine such as is illustrated in figure 11. In the case of 
embankments, built up with material from borrow pits along the 
sides of the road, an elevating grader (fig. 14) frequently may be used 
to advantage. If material must be moved longitudinally along the 
road from cuts to fills in order to bring the surface of the road to the 
required grade, the work usually must be done either with scrapers 
(figs. 16 and 17) or dump wagons (fig. 18). Where a considerable 
volume of material is to be excavated in a relatively short distance a — 
small steam shovel (fig. 19) with dump-wagon equipment sometimes 
may be employed economically. Each of these methods may best be — 
described separately. » 
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USE OF GRADING MACHINE. 


The grading machine illustrated in figure 11 is of the general 
design commonly followed in machines of this type. The heavy 
blade, which is 7 or 8 feet long and provided with a steel cutting edge, 
may be adjusted to any desired vertical or horizontal angle by means 


of hand wheels arranged conveniently about the operator’s platform. 


Some of the best makes of grading machines are provided with attach- 
ments for such purposes as shifting the frame back and forth on the 
rear axle so as to adjust the blade to a desired position with reference 
to the wheel tracks, or to lean the wheels at an angle with the vertical 
and thus lessen the tendency of the machine to slide over a bank, or to 
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Wie. 11.—Grading machine. 


eut the rear wheels at an angle with the frame in order to overcome 


the tendency to slide when the bladé is loaded. Most of the better 


makes of such machines are now constructed so the blade may be 
reversed entirely and the convex surface used for smoothing a road 


| _ surface after it has been graded approximately to the required cross 
section. Machines of this type are made in different sizes and weights 


and cost from about $175 to $300 f. 0. b. factory. The heavier sizes. 
are best adapted for constructicn work and the lighter ones for main- 
tenance. . 

A modified form of grading machine consists of a blade similar to 
that of the machine just described, which is supported by a simple 
frame on only two wheels. The 2-wheeled machine usually weighs 
only about one-fourth as much as the 4-wheeled type and costs con- 
siderably less, but the 4-wheeled type generally is to be preferred on 
account of its greater stability and also because it can be adjusted to 
meet a much wider range of conditions. In the following description 
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of the method of operation, therefore, it will be assumed that a 
4-wheeled machine is to be used. 

To operate a grading machine successfully where the work is 
moderately heavy requires at least six horses, while for light 
maintenance work after the road is graded four horses usually are 
sufficient. For satisfactory work the team must be accustomed to 
working together and must be under complete control of the driver. 
To break in a green team ordinarily requires two or three days ot 
relatively very light work under favorable conditions and with a 
capable driver. Poorly trained teams and improper driving have 
been responsible for more unsatisfactory and uneconomical grading- 
machine work than any other one cause. 


CROSS SECTION SHOWING THE RESULT OF ONE TRIP WITH A GRADING MACHINE 
The broken line shows the completed cross section 
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CROSS SECTION OF A PARTIALLY COMPLETED ROAD BUILT BY MEANS OF A GRADING MACHINE 
The broken Jine shows the completed cross section 


{ 
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CROSS SECTION OF ROAD COMPLETED WITH A GRADING MACHINE 


“K usually varies from 12 to 18 inches and depends on width of road and amount 
of water to be carried. 

us Enon, varies from 4 inch to the feot for level grade, to | inch to the foot for grade 
of 5% 


lies alee - 


Before any machine work is done the area to be graded should be 
either burned or mowed over so as to remove all grass and weeds. 
The grading then should proceed as follows: | 

(1) Set a row of stakes, 100 or 200 feet apart, along the inside edge 
of each side ditch. The purpose of these stakes is simply to aid the 
driver in making the initial furrow of the machine conform with the 
line of the road, and since the stakes are destroyed by the first 
furrow they need be only sufficient to serve this temporary purpose. 
Fioure 12 shows the successive steps involved in grading up a road 
with a grading machine after the ditch lines have been established — 
as indicated. 

(2) Set the blade of the grading machine at an angle of about 
30 degrees with the road, so that the material loosened by the 
cutting point of the blade will be moved in toward the center - of 
the road: also lower the cutting point and raise the heel, so that the 
blade will plow an initial furrow about 6 inches deep and about 15 
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inches wide. Then make the initial trip with the point of the blade 
cutting about 18 inches outside of the stake line and the outside 
rear wheel of the machine against the face of the furrow. The 
material loosened by the first furrow then will escape under the blade 
in a ridge just inside the stake line. 

(3) Readjust the machine so that when the outside horses follow 
the initial furrow in making the second trip the blade will cut a 
new furrow of somewhat less width than the first and the outside 
rear wheel will follow the face of the new furrow. Then make 
successive trips with the machine adjusted in this way until the 
outside edge of the side ditch is approached, except that after each 
two trips it is well to rest the team by readjusting the blade and 
pushing the loosened material over toward the center of the road. 
For this latter work the blade may be set at a greater angle with the 
road, and the heel should be lowered and the point raised, so that 
the cutting edge will conform closely to the crown of the road while 

. the machine is in operation. : 

(4) Repeat the above-described operation, omitting the stalves and 
beginning about 18 inches farther from the center each time, until 
the side ditches are excavated to the required depth and the road is 

_ approximately to the required cross section. 

(5) Bring the outside faces of the side ditches to a uniform slope 
by making one or two trips of the machine with two wheels, one 
front and one rear, on the bank and the cutting edge of the blade 
against the slope. 

(6) Make several trips over the road, cleaning out the ditches and 
smoothing up the surface. The last few trips should be made with 
the blade reversed, as this method tends to produce a better com- 
pacted surface. But, in any event, it is necessary that during the 
first few months after the grading is completed the road surface 
should be kept smooth while it is being compacted under traffic. To 
do this may require frequent use of the grading machine or the drag. 

Plate II shows a model constructed by the Office of Public Roads 

-and Rural Engineering for the purpose of illustrating in small space 
the successive steps involved in grading a road through level ae) 
by means of a grading machine. 

The method of operating a grading machine described iabove 
necessarily will have to be odincd at times in order to meet special 
conditions. Where, for example, the ditch area is covered with heavy 
sod or contains a number of large roots, it may be very desirable to 
plow this area and cut the roots with an ax before using the grading 
machine. If this is done the plow furrows should be turned toward 
the center of the road and the line of the initial furrows should be 
controlled by two rows of stakes as described above. if the sod is 
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very tenacious it should be harrowed with a disk harrow (fig. 13) _ 
ahead of the grading machine, and after the material has been 
moved over toward the center of the road the lumps of sod should be 
thrown out. A method sometimes followed is to skim off the sod, 
by means of hand shovels, ahead of the grading machine, but this 
method is expensive and seldom justified. 

Whether or not it is necessary to contend with any considerable 
quantity of sod, the use of a disk harrow usually will prove helpful 
in securing a smooth uniform road surface with the grading machine. 
In general it is sufficient to give the loosened material a thorough 
harrowing after the road has been brought approximately to its 
required shape, but 
before the final shap- 
ing is done. 

Where continuous — 
long stretches of road 
are to be graded with 
grading machines, it 
frequently is econom- 
ical to substitute a 
traction engine for 
the teams and to em- 
ploy two machines. 
Where this is done 
the first machine is 
connected immedi- 
ately behind the trac- 
tor, either directly 
behind or to one side, as the conditions require, and the second 
machine is connected behind and to one side of the first. Otherwise 
the method of operation is not essentiallv different from that already 
described. 

The rate at which a road can be graded up with a grading machine — 
varies to a great extent, and depends largely on the character of 
the soil. Where the original cross section of the ground is approxi- 
mately level, such as that shown in the model (PI. IL), the cross — 
section of the finished road similar to that shown in figure 12, and 
the soil conditions not unfavorable, a grading machine drawn by six ~ 
well-trained horses should cut out the side ditches and shape the road 
in from 20 to 35 round: trips. Allowing for a reasonable amount 
of lost time, the rate at which the team travels should average from 
13 to 2 miles per hour, and under the circumstances assumed above, — 
the length of road graded per day should average not less than 
one-fourth mile. Such favorable conditions seldom are found for 
any considerable stretch of road, except in the prairie sections of the 
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Fic. 13.—Breaking up clods with a disk harrow. 
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SHOWING RESULTS OF SUCCESSIVE OPERATIONS WITH GRADING 
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Fi@. 1.—TURN PLow. 


Fic. 2.—ROOTER PLow. 
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Middle West, and the average rate of grading with a grading machine 
is, therefore, much less than one-fourth mile of road per day. 


USE OF ELEVATING GRADER. 


Figure 14 shows an elevating grader at work. The essential 
features of this machine are a plow with a heavy moldboard, an 
elevating belt, a suitable frame for supporting the plow and belt, and 
driving and adjusting mechanisms for operating the belt and con- 
trolling the work. The plow loosens the material and throws. it 
onto the belt, which conveys and deposits it either in the roadbed or 
wagons. 

Elevating graders are adapted especially to building up embank- 
ments with material excavated from shallow borrow ditches along 
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Fic. 14.— Elevating grader at work. 


each side of the road. They also may be used to advantage in 
excavating long, shallow, through cuts and loading the material thus 
excavated into wagons for use in building up embankments at other 
points. The latter use, however, is restricted to situations where 
there is sufficient space to operate the grader and at the same time 
afford passageway for the teams and wagons to follow under the 
end of the belt to receive the successive loads as the grader is drawn. 
forward. | 

It is customary to employ a traction engine for operating the ele- 


_vating grader, though teams are used sometimes. Ordinarily, the 


machine may be operated successfully either with a 25-horsepower 
tractor or with 12 well-trained horses. A well-constructed elevating 
grader, adapted to either horse or tractor power, may be purchased at 
an average price of about $900. 
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The rate at which earth can be excavated with an elevating grader 
is relatively very high when conditions are favorable and the grader 
can be kept moving. But there are a number of rather complicated 
parts about such a machine which sometimes get out of order, 
and the work also is hampered frequently by many unforeseen con- 
tingencies, such as “bogging” of the wheels, choking of the plow 

or the elevator belt, occurrence of buried stumps or stones in the 
excavation, etc. For these reasons the actual capacity of elevating 
graders, considered over a long period, seldom is more than about 
ene-third or one-half the rated capacity, and where the material is 
loaded into wagons as it 1s excavated the actual capacity of the ma- 
chine may be reduced still further. Elevating graders of the size 
used ordinarily in road work have a rated capacity of about 100 
cukic yards per hour. 


USE OF SCRAPERS, WAGONS, ETC. 


To grade a road of any considerable length, no matter where it is 
located, usually will require a considerable amount of work with 
devices other than the grading machine and elevating grader. 
The latter machines, as previously explained, may be very economi- — 
cal for special conditions to which they are adapted. But these - 
special conditions seldom prevail for more than comparatively short 
stretches of road without sections intervening which require that a 
relatively large volume of material be moved from excavation to em- 
bankment within a distance of only a few hundred feet. Figure 15 
shows a typical cross section for an earth road, where the grading 
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TYPICAL CROSS SECTION FOR EARTH ROAD 


“W: width of road between ditches. not less than 20 feet 
D” varies from 2 feet to 6 feet depending on the rainfall and grade. 
_ ‘Hi crown, varies from 3 inch to the foot for level grade to | inch to 
the foot for agrade of 5% 


Fig. 15. 


machine hardly could be used advantageously except for finishing 
the road surface. To accomplish work of this kind economically, 
the devices for loosening, loading, and hauling the material must 
all be adapted to turning around quickly in a small space and, not 
infrequently, must be such as to be handled readily over very rough 
ground. Such implements as wagons, wheeled scrapers, drag 
scrapers, and plows therefore should form a part of the equipment 
on practically all road-grading projects. 

The choice of proper implements to employ in moving material 
from excavation to embankment depends, first, on the nature and 
quantity of the material to be moved, and, second, on the length of 
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haul. In general, where the material consists of earth it is loosened 

with plows and the economical method of hauling is fixed by the 

haul length about as follows: 

For lengths of haul not exceeding 150 feet, drag scrapers; for 
lengths of haul between 150 feet and 600 feet, wheeled scrapers; 

for lengths of haul above 600 feet, wagons. Where the material con- 

sists of solid rock it must be loosened by drilling and blasting and 

practically always is hauled in wagons or carts, regardless of ‘the 
haul length. 

The two types of plows commonly used in road grading are shown 
in Plate ITI, figures 1 and 2. The former is the type generally used 
for loosening ordinary soils, while the latter is used for breaking up 
hardpan, old read 
surfaces and _ other 
earth unusually diffi- 
cult to loosen. Either 
type is drawn by 
four horses, or in 
some cases by a trac- 
tion engine, and is 
operated by three 
men, including the 
driver. Plows of the 

_ type shown in figure 
1 of Plate IIT aver- 
age about 150 pounds 
in weight and sell at 
an average price of 
from $12 to $18, but 
heavier plows of this type range in cost up to about $30. With aver- 
age soil conditions they may be made to turn a furrow about 7 or 8 
inches deep and from 8 to 10 inches wide. The hardpan plows of the 
type illustrated in figure 2 of Plate III vary considerably in weight 
and selling price but cost more than the turn plows. One reason for 
the higher cost is that the points must be made of a very high grade 
of steel in order to be durable. 

A drag scraper of the common type is illustrated in figure 16. 
Such scrapers are made in 1-horse, 14-horse, and 2-horse sizes, which 
have respective rated capacities of 3, 5, and 7 cubic feet. Drag 
scrapers have an average weight, when empty, of from 75 to 100 
pounds, and an actual capacity of about three-fourths the rated 
capacity. The price, f. o. b. factory, averages about from $4 to $6 
per scraper. 

In operating drag scrapers the drivers also may load and empty 
the scraper, but frequently it is economical to provide additional 
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Fic. 16.—Drag scrapers at work. 
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laborers for this purpose. With a haul length of 100 feet and the 
teams moving steadily, one laborer should be able to load or empty 
and spread the material for about three scrapers. For scraper work 
to be effective the material to be excavated must be thoroughly — 
loosened by the plows and should be free from large roots or stones. 
Where such obstructions occur time is saved by having them removed 
by hand during the progress of the plowing. | 

The average small organization for carrying on road-grading 
work with drag scrapers is made up about as follows: 


=~ 


Force: Tools: 
1 foreman. 6 drag scrapers (capacity 5 cubic 
4 to 6 scraper drivers. ; feet). 
2 laborers for loading scrapers. — i road plow. 
2 laborers for dumping and 2 picks, 
spreading. +6 2 axes. 
1 driver for plow. 2 mattocks. 
1 laborer to hold plow. - 8 shovels. 
1 laborer for trimming shoulders, 
eke: 
4* to 6 two-horse teams for 
scrapers. 
1 or 2 two-horse teams for plow.. = 
Total, 1 foreman, 14 laborers, and 
7 teams. 


The force employed should vary somewhat with the haul length, 
which is usually between 25 feet and 150 feet. Under average con- 
ditions an organization such as that described above should move 
from 300 to 350 cubic yards of earth per 10-hour day. 

An objectionable feature of drag-scraper work is that the embank- 
ments tend to settle very irregularly. The reason is that the succes- 
sive loads are not spread out uniformly as they are dumped, but 
are deposited as a succession of rather compact cores with the 
intervening spaces consisting of comparatively loose material. The 
loose material settles more than the compacted spots, and this un- 
equal settlement produces pockets in the surface which hold water 
and gradually become deepened under the action of traffic. Where 
the material to be moved is loose and light, such as the prairie soils 
of the Middle West, this objection can be overcome largely by sub- 
stituting Fresno or Buck scrapers for the common type of drag 
scrapers. 

Fresno scrapers are made in several different sizes and range in 
capacity from about 8 to 12 cubic feet. They are drawn usually by 
three or four horses, and can be operated in almost as small a space 
as drag scrapers. Their average cost is from $15 to $20 each. One 
principal advantage of Fresno scrapers is that the runners may be 
adjusted to spread out the load to any desired depth from 2 or 3 


1 Where necessary, one of the scraper teams may be used to help the plow team. 


- action of the scraper. 


_ 


‘to assist in loading. 
) The snatch team 
| should consist of either 
| two or three horses, 
| according to the char- 
acter of the material, |e as 
| and one snatch team OPRRE 14671 
| should serve several : 
_-serapers. The loading and dumping of the scrapers are dene by 
_ laborers provided for that purpose and not by the drivers. 
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inches up to 12 inches and this better distribution of the material 
in the embankment tends to prevent inequalities from developing 
in the finished road surface. 

Wheeled scrapers (fig. 17) are used to a greater extent in road — 
grading than either drag scrapers or wagons. The reason Yor this 
is that in road work the haul length falls, more frequently than 
otherwise, within the limits for which wheeled scrapers are economi- 
cal. Several different sizes of such scrapers are in ordinary use, but 
the size employed most commonly has an actual load capacity of 
from 11 to 15 cubic feet, according to how heavily the load is heaped. 
Scrapers of this size ordinarily sell for from $35 to $50 f. 0. b. factory. 

In operating wheeled scrapers the material is loosened by plowing, 
in the manner already described, and is loaded by. the scooping 


Two horses usually 
are sufficient to draw 
the scraper after it is 
loaded, but a second 
team, called a snatch 
team, is hitched in at 
the front of the tongue 


Fie. 17.—Wheeled seraper. 


A small organization for carrying on grading work with wheeled 


" serapers may be made up about as given below: 


Force: : Tools: 
1 foreman. 8 wheeled scrapers (capacity 11 
6 to 11 drivers. to 15 cu. ft.). 
1 laborer for plowing. 1 road plow. 
2 laborers for loading scrapers. 2 picks. 
2 laborers for dumping and 2 mattocks. 
spreading. 2 axes. 
1 laborer to trim slopes, ete. 3 shovels. 


1 two-horse team for plow. 

4 to 8 two-horse teams for scrap- 
ers. 

1 or 2 two-horse snatch teams. 

Total: 1 foreman, 17 laborers, 11 
teams. 
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The force employed should vary with the haul length, usually from 
150 feet to 600 feet. Six to eight scrapers should be employed where 
the haul exceeds 250 feet. Where necessary one of the snatch teams 
may be used to assist the plow team. 

Such an outfit should move from 200 to 250 eubie yards of earth 
per 10-hour day. 

Several types of dump wagons are used in road-grading work. 
Probably the most common is the ordinary farm wagon fitted 
with a slat-bottomed bed as illustrated in figure 14. The most 
usual capacity for wagons of this kind is about 1} cubic yards. 
Patent dump wagons (fig. 18) are made in sizes ranging from 1 to 
® cubic yards capacity, and, in general, are preferable to the slat- 
bottomed wagons, because they 
are turned around more easily 
in a short space and are much 
more easily dumped. Patent 
dump wagons of the size em- 
ployed ordinarily in road work 
(14 cubic yards capacity) sell 
at an average price of about 
$150, f. o. b. factory, which is 
a relatively high cost as com- 
pared to farm wagons, the price 
of which seldom exceeds about 
$50 or $75. One-horse carts are 
used sometimes instead of wag- 
oprressr ONS, but two-wheeled vehicles 

are very severe on horses, espe- 
cially when hauling over rough ground, and therefore the use of 
carts is not recommended. 

Where wagons are used for hauling and the excavation is fairly 
light, it is customary and economical to loosen the material with 
plows and to load it into the wagons with hand shovels. If the exca- 
vation is fairly heavy and sufficient in amount to warrant the addi- 
tional outlay, it is economical sometimes to employ a small steam 
shovel (fig. 19) for loosening and loading the material. The steam 
shovels used ordinarily in road work have a dipper capacity of from 
one-half to three-fourths of a cubic yard. Under fairly favorable 
conditions steam shovels of these sizes can be made to load from 400 
to 500 cubic yards of stiff earth per 10-hour day. 

Where the material is loosened by means of plows and hauled in 
wagons the average small grading gang may consist of 1 foreman, 
3 laborers, and 2 teams for plowing, 9 laborers for loading, 2 laborers 
for spreading, and a sufficient number of teams for hauling to 


Fic. 18.—Dump wagon. 
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keep the above force busy. With such a force the number of wagons 
for maximum efficiency varies from about 3 for a 500-foot 
haul up to about 12 for a haul of 1 mile. Ordinarily, one of the 
plow teams may be employed in hauling for at least a part of the 
time. 

Under average conditions such a force as that described above 
should move about 150 cubic yards of earth per 10-hour day. 


BUILDING EMBANKMENTS. 


One of the most important considerations connected with the 
grading of an earth road is the stability of the embankments. 
Where a road is situated in a cut and is well drained, it is not likely 
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Fic. 19.—Steam shovel at work. 


i _ to be affected seriously by such agencies as shrinkage, settlement, and 


slipping, any one of which may injure or destroy a road situated on 
a poorly constructed embankment. In grading a road, therefore, 
_the methods employed in building the embankments are deserving 

of much more careful scrutiny than those employed in making 
excavations. | 

To prevent a road over an embankment from being damaged by 
shrinkage of the material forming the embankment, the material 
must be free from vegetable matter and uniformly compacted as it 
is deposited. Where the road surface is to be of earth, the embank- 
ment usually may be compacted sufficiently to prevent injury from 
shrinkage by spreading the material in relatively thin horizontal 
layers and letting each layer be compacted by the grading teams as 
the succeeding layer ‘s being spread. Layers of ordinary earth, not 
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more than about 12 inches thick, can be compacted fairly well in this 
way, provided that the grading teams are made to travel over the 
entire surface of each layer, and that the material is spread uni- 
formly. Where the road surface is to be of some highly improved 
type, each layer of the embankment should be rolled thoroughly, with 
a power roller weighing not less than about 10 tons. 

Settlement of embankments, aside from that due to shrinkage, 
may be caused by the gradual flattening of the slopes or by lack of 
stability of the ground surface over which the embankment is con- 
structed. The question of proper slopes for various materials has 
been discussed. The question of ground surface stability usually does 
not arise as a grading problem except where an embankment is being 
_ constructed over very marshy land. If proper precautions are not 
observed, the embankment material may be absorbed gradually by the 
marsh until the entire roadbed has disappeared, an occurrence which 
is not infrequent. 

Where drainage of the marsh is impracticable, the lower portion 
of the embankment, which would come in contact with the marsh 
water, should be formed of some nonslaking material that will 
cement together and distribute the weight of the embankment over 
the entire bottom area. Some varieties of gravelly clay are excellent 
for this purpose. Where the marshy matter 1s very soft and deep, 
it may be necessary to lay a wide foundation bed of logs, or fascines, 
upon which to construct the embankment, but such a foundation bed 
would not obviate the necessity for using a nonslaking material in 
the lower portion of the embankment. 

Where embankments are constructed on very sloping ground, or 
where old embankments are to be widened, there always is a tend- 
ency for the new material to slip along the plane of separation. 
In such cases the old surface should be roughened before the new 
material is deposited. Where the old surface is earth, it usually can 
be roughened sufficiently by plowing a series of rather deep furrows 
about 2 feet apart. Old rock surfaces ordinarily are fairly rough 
to begin with, but to prevent slipping it may be necessary in some 
cases to blast steps into such surfaces before depositing embankment — 
material. 

Retaining walls, slope walls, and cribbing also are frequently used 
to prevent embankments from shipping. 


FINISHING THE SURFACE. 


No matter how the grading of an earth road may be accomplished 
it usually is economical to bring the road surface to its final shape 
by means of a grading machine. In making excavations it is not 
generally considered practicable to form the crown and side ditches 
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with scrapers or hand tools alone, and the cross section is, therefore, 
frequently left approximately fiat. The grading machine is then 
used, in the manner already described, to produce the required cross 
section. a ! 

After the road has been finished with the' grading machine, it 
should be given frequent attention until the embankments have fin- 
ished settling and the surface has become thoroughly compacted by 
the action of traffic. Generally a period of several months should 
elapse after a road is graded before it is considered complete, and 
such settlements and irregularities as develop during this period 
should be corrected by the use of either a grading machine or a road 
drag. A description of the road drag and a discussion of its uses 
are given on page 58. 


CONSTRUCTION COSTS. 


Aside from drainage structures, the principal item of cost attached 
to the construction of an earth road is for the grading. The cost of 
grading varies greatly, according to the condition of the weather, 
the nature of the material to be excavated, the efficiency of labor, 
_ teams, and machinery, etc., and seldom can be estimated in advance 
with any great degree of accuracy. On this account average costs 

based on past experience may be very misleading when applied to a 
particular project.: In the following statements and data an effort is 
made to show the approximate range of cost rather than the average. 

The first step in estimating the cost of grading a given road is 
| to ascertain the quantities of work to be done. After the quantities 
have been determined the cost may be estimated in either of two 
ways. First, the organization for carrying on the work may be 
planned in detail and the estimate arrived at by considering the 
| eost of maintaining such an organization, together with the rate at 
which it may reasonably be expected to accomplish the work. 
| Second, the cost per cubic yard for excavation and the cost per 
| mile for shaping the roadway may be estimated at flat rates. The 
| first method is the most accurate, though the latter is the one 
employed most frequently. 

If the prices for labor and teams are known, the cost of grading 
under a given set of conditions may be estimated from the data 
already given. A frequent source of error in estimating costs in 
this way is that such items as supervision, lost time for which pay- 
ment must be made, repairs to tools and machinery, and depreciation 
of the plant are overlooked. 

The following data (Tables 5 and 6) are intended to furnish a 
rough guide in making estimates of grading cost at a flat rate per 
cubic yard. They are based on labor at 15 cents per hour; horses 
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at 124 cents per hour. The depreciation of grading equipment and 
repairs are figured at 5 per cent per month while in use, and it is 
expected that the force will be organized economically and managed 
efficiently. 

TABLE Be OIG machine work. 


Assumed conditions: Original cross section flat; finished cross section similar to figure 
12; team to consist of six to eight well-trained horses ; no material moved longitudinally. 


Character of soil. 


le Cost per mile. 
| 


eichtprairie tree irom: SuUMIps, TOOtS, CtC. 25.12. eee eee ee eee $60 to $80 
Awerace clay loamizate toy Sron. Ye ee 2 es oS ee Oe, eee eee See eee ee | 100 to 150 
Heavy clay, moderate amount of sod and roots, plowing necessary throughout..........- | 200 to 250 
Heayyiclay, exceptionally ‘difficult conditions, - > 22 35-08% 22422 7k eee ee eee From $250 up. 
Crowning and shaping road which has been graded with scrapers, etc.................-.- $50 to $75 


TABLE 6.—LHacavation and embankment. 


Assumed conditions: All material to be loosened with plows or by blasting, and to be 
moderately dry when handled ; hauling to be done by means of drag scrapers, wheeled 
scrapers, or wagons. 


Average : Average cost 
Kind of material. | haul Method: ° {ieee per cubic Remarks. 
length. ee yard. 
Feet. Cents. 
a 50 | Drag scrapers....- 10 to 15 
ends lon 100) esas dosent ie OF 12 to 20 |(Material assumed to be such that little 
Hie 2 300 | Wheeled scrapers. 16 to 25 or no plowing is necessary. 
i 1000: |MWezonse=s= eee 25 to 40 
50 | Drag Stlapets hs ee 15 to 20 
se yoraee Gey: ae LOOR| HERG Ow ease See se 17 to 25 lMtetocial such as to be Joosened with 
Fie ? 200 Wheeled scrapers. 23 to 35 | plow drawn by two horses. 
5 LF OD0n AWiaLOnSie ees 32 to 50 
50 tae scrapers. . 18 to 25 
Heavy clay........ BN eae Bots ae Bs oe 3 4 horses required for plowing. 
1000) | WWiagonsee enna: 40 to 55 
Low prices apply where material may 
Hard pan or loose S00) | Waeconsssase saan 40 to 65 be loosened with 4 horses and hard- 
rock. OOO Bea Cotter eee 45 to 75 pan plow. High prices where blast- 
ing is necessary. 
. ° 3005 SVWialOnS seems ees $0.65 to $1.50 |\ High prices apply where stone is hard 
Solid rock...-...... { 1,000 ||Saee dowa te .75 to 1.75 |f and excavation shallow. 


SAND-CLAY ROADS.’ 


A road surface constructed of sand and clay mixed in proper pro- 
portions possesses the resisting powers of the sand in wet seasons and 
of the clay in ty seasons, and frequently is superior to either in all 
seasons. | 

Natural sand-clay soils occur to some extent in nearly all sections 
of the United States, and in many localities are rather widely dis- 
tributed. Ordinary earth roads frequently contain short sections 


1This discussion is based largely on information contained in Farmers’ Bulletin 311, 
““Sand-Clay and Burnt-Clay Roads,’ which was prepared by William L. Spoon, senior 
highway engineer, and has been read and revised by E. W. James, general inspector, U. S. 
Office of Public Roads and Rural Engineering. 
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which are constructed of such soil, and it happens occasionally that 
for a considerable distance along a road the soil contains just the 


‘proper proportions of sand and clay to produce an excellent road 


surface for moderate traffic under all weather conditions to which the 
road is subjected. But, in general, such soils occur only for limited 
distances, and to secure a continuous surface of this kind, the neces- 


sary material must be hauled to the road, spread, and compacted 


after the grading is completed otherwise. More generally, perhaps, 
the soil composing the roadbed is deficient in only one of the neces- 
sary constituents, sand or clay, and it frequently may be economical 
to construct the surface by supplying the necessary sand or clay 
and mixing it with the natural soil of the roadbed, rather than to pro- 
vide a surface of natural sand-clay material. It may happen, also, 
that the roadbed contains no material suitable for use in constructing 
the surface, and that sand and clay are more readily available sepa- 


_ rately than ready mixed. In such case both materials may be hauled 


to the road and mixed in place to form the surface. 

In order to distinguish between common earth roads, which are 
constructed wholly of the natural soil as it occurs along the road, and 
those which have been surfaced with especially selected or especially 


| prepared earth which contains sand and clay mixed in such propor- 


tions as to increase the resistance to wear of the surface as described 
above, the latter are designated sand-clay roads. This designation 
evidently includes most of the so-called “topsoil” roads, because 


topsoil which is especially suited for use in road surfaces generally 


possesses that quality by virtue of the sand and clay which it 


contains. 


The sand-clay method of construction has produced its best results 


in the Southern States, where deep freezing is not a serious factor — 


and where materials suitable for such construction probably are more 


| widely distributed than in any other section of the country. There | 


are many sand-clay roads in the South Atlantic and Gulf States 
over which heavy loads of cotton and other farm products are hauled 


_ throughout the year and which remain continuously in good condi- 
_ tion with a comparatively very small outlay for maintenance. And 


there are innumerable cases where sand-clay surfaces, constructed 
of even rather inferior materials, have so improved intolerable 


stretches of sandy or muddy road as to provide for at least fairly 


comfortable travel throughout the year. Examples of the latter 


| kind are by no means peculiar to the Southern States, but are to 
| be found in nearly every section of the country. Table 7 shows the 
| mileage of sand-clay roads in several representative States for 1909 
| and 1914, respectively, and illustrates how the popularity of this 
| type of construction is increasing. 
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TABLE 7.—Mileage of sand-clay roads in several_representative States for 1909 


and 1914. 
Sand-clay mileage. | Sand-clay mileage. 
States. ] States. SST 
1909 1914 | 1909 1914 
ING WHIDISOY sc tas 8 ote gaye None. DGL il) Kansasit 220 30° - a eee 202 758 
Wanrinam once cs teak Ur 2 oer es 186 14151 )o Nortin Carolinas 22) es oe 730 4,313 
3, 684 


PAU ATER ears ere a eee 1,107 S16 We BOxXaS. 2S be eels ees eee 2, 254 


The construction of sand-clay roads is essentially a matter of em- 
ploying locally available materials to the best practicable advantage 
in producing an improved earth road surface. To do this involves 
an intelligent selection from the local materials and an adaptation of 
the construction method employed to the material selected. These 
two features of the work will be taken up separately in the order 
mentioned. 

SELECTION OF MATERIALS. 


‘The questions that ordinarily must be given principal considera- 
tion in the selection of materials for a sand-clay road surface are: 
(1) Is the soil composing the roadbed such that, if local sand or 


.clay were admixed with it in proper proportion, a durable road 


surface can be produced? (2) Is topsoil of a suitable character 
available for use as a surfacing material? (3) Can a sufficient quan- 
tity of natural sand-clay subsoil for surfacing the road be obtained 
conveniently? (4) Can the two constituent materials be obtained 
separately and mixed in place on the road? (5) If a variety of 
materials are available, what selection or combination would give 
the best results and prove most economical in the long run? In 
deciding these questions, there are three ways in which the judgment 
-may be assisted materially. These are, in the order of their impor- 
tance, by means of service comparisons, field: examinations, and labo- 


ratory tests. The questions and the customary manner of deciding _ 


them will be discussed briefly in the following paragraphs. 
THE SOIL OF THE ROADBED. 


In order to determine whether the soil of a given roadbed may 
be incorporated advantageously in a sand-clay road surface, it 1s 
necessary, of course, to consider the quality of the other local ma- 


terials available for mixing with it, since the fitness of the roadbed ; | 


soil for use in the surface necessarily must be limited by the quality 
of the other constituent material. In general, there are two condi- 
tions where the soil of the roadbed may be used advantageously in 


constructing the surface. One is where the roadbed is very sandy — 


and plastic clay is more readily available for use in the surface than 
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a natural mixed sand-clay. The other is where the roadbed consists 
of a good quality of plastic clay and sand is available for the surface. 
In either case the appearance of the roadbed material may some- 
times be very misleading under certain weather conditions, and be- 
fore deciding whether it is suitable for use in the surface its behavior 
should be observed for all weather conditions to which the surface 


will be subjected. 


For example, an earth road which appears very sandy in dry 
weather in reality may be composed of soil that will be converted 
into mud by even a very moderate rain. This is particularly true 


of soils that contain a high percentage of. either very fine sand or 
silt. Where the roadbed is composed of such soil, no part of it should 


be incorporated in a sand-clay surface. The sand contained in a 
sand-clay surface is supposed to supply stability to the surface in wet 
seasons, and the roadbed material, to be adapted for this purpose, 
must be composed of sandy soil that will increase in stability with an 
increase in moisture content, and will not become muddy under any 


circumstances. 


On the other hand, a roadbed that in wet seasons appears to be 
composed of clay suitable for use in a sand-clay surface may crumble 
into fine dust on drying out under even very light traflic. While a 
road surface constructed by mixing sand with soil of this kind might 
be a considerable improvement over the old earth road in both wet 
and dry weather, it would be very much inferior to a surface con- 
structed by mixing together a good quality of nonslaking clay and 
sand. : 


TOPSOIL. 


In the Piedmont and upper Coastal. Plain regions of the South 
Atlantic States it happens often that the soil over limited areas of 
land is of such quality that a road surface made of it will possess all 
the desirable characteristics of a well-constructed sand-clay surface. 
A rather large mileage of roads has already been surfaced with soil 
of this kind and much of it is giving excellent satisfaction. Such 
roads are known locally as “* topsoil roads.” 

The best topsoil for road surfacing usually is found in fields which 
have been under cultivation for a number of years. The probable 
reason for this is not only that cultivation produces a more intimate 
mixture of the soil constituents, but that the repeated aeration tends 


_ toimprove the stability of the soil by causing the oxidation of certain 


component minerals. Also, where the original soil contains a too 
high percentage of clay, cultivation may have improved its quality by 
Increasing the rate at which clay is leached out. Since cultivation 
ordinarily extends to a depth of only a few inches below the ground 
surface, the layer of soil suited for use in road surfacing is, in most 
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cases, very thin. The usual variation in the depth of this layer is 
from 4 to 12 inches. A suitable quality of topsoil is produced some- 
times by agencies other than cultivation, when the depth may be 
considerably greater than 12 inches. 

The safest guide in identifying topsoil that will make a satisfactory 
road surface is the service test, and, fortunately, it is nearly always 
possible to make this test by simply observing the condition of a 
section of road already constructed of the soil in question. The best 
method to follow in making a selection is to pick out such sections 
of earth road in the vicinity of the one to be surfaced as remain con- 
tinuously in good condition. Then, if practicable, obtain the soil in- 
tended for the new road from the fields adjacent to the best sections 
of this good earth road. Otherwise employ specimens of the soil from 
these fields to compare with other available soils and base the selec- 
tion on such comparisons. When compariscns are not conclusive the 
various kinds of available soil should be tried out on a small scale 
before any considerable area of topsoil surface is constructed, because 
there is at present no other reliable method for comparing the relative 


excellence of different topsoils and it is very easy to be misled into a _ 


wrong selection by incomplete laboratory tests. 

The following list of characteristics usually belonging to topsoil 
of a satisfactory quality at least may prove helpful in selecting soils 
upon which to make the service test referred to above: 

1. Some of the best topsoils so far discovered are of granitic ori- 
gin; that is, the soil has been formed by the decomposition of granite. 

2. Good topsoil usually has a very “ gritty” texture, and when 
rubbed between the fingers this characteristic should seem more pro- 
nounced than any other. 

3. Samples of soil taken from a number of first-class topsoil roads 
and subjected to mechanical analysis have shown an average sand 
content of from 50 to 75 per cent and an average clay content of from 


25 to 50 per cent. But it appears that satisfactory results have been 


obtained most frequently where the sand content ranged between 65 
and 70 per cent and the clay content between 30 and 35 per cent. 

4. The color of good topsoil is more frequently gray than other- 
wise, but color is by no means an index to quality. Several cases 
have been reported where excellent results were obtained with a soil 
of dull-red color, while, again, a dark-brown soil has proved entirely 
satisfactory. Usually the color of the soil gradually becomes lighter 


after it is placed on the road, and some of the best gray soils have 


become almost white after a few years’ service. 
5. The soils designated ordinarily by farmers as “gray grit,” 
“bright tobacco soil,” “upland soil,” and “rotten granite” have 
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been found very frequently to possess the proper characteristics for — 
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a good quality of topsoil. These names have considerable significance 
in some localities, but may mean practically nothing in others. 


CLAY AND SAND. 


Nearly all clays, as tney occur in nature, contain more or less sand. 
Those in which the percentage of sand is sufficiently high to give 
the material a character decidedly intermediate between sand and 
clay are called natural sand-clay. Ordinarily, at least 40 per cent of 
sand is required to produce this intermediate character in a pro- 
nounced degree, and from 60 to 70 per cent usually is required to 
produce a first-class sand-clay surfacing material, though these per- 
centages depend to a considerable extent on the respective qualities 
of the two constituent materials. 

In general, the quality of clay is much more uncertain than that 
of sand and usually it is very difficult to determine in advance just 
what results may be expected from the use of a given clay in a 
sand-clay surface, except by means of a service test. But some time 
is required to make the service test, and, where none of the clay pro- 
posed for use occurs in an existing road surface, it may be very de- 
sirable to test the available material according to some quick method, . 
so as to exclude from the service tests all clays which would not be 
likely to prove satisfactory. Some of the simplest methods for de- 
termining the probable wearing qualities of clay, or of a natural 
sand-clay mixture, by means of field inspection and laboratory tests 
are described below. 

. (1) To determine the proportion of sand present in clay, collect a 
representative sample of the clay and dry it thoroughly. After 
~ weighing the dry sample, place it in a vessel several times larger 
than the sample and wash out the clay content by filling the vessel 
repeatedly with water, agitating the clay and pouring off the muddy 
water. When all the clay has been washed out, dry the sand and 
weigh it. Then the proportion may be computed from the original 
weight and the weight of the sand. If the material tested happens 
to be of good quality of sand-clay, the weight of ie sand will be 
about two-thirds that of the original sample. 

(2) To compare the slaking qualities of. two or more samples of 
clays, make up each sample into several balls of the same weight, dry 
out the balls thoroughly, and place them in water so that they will be 
covered entirely. The balls which hold their shape longest after 
being placed in the water have the highest resistance to slaking, and 
the clay which they represent usually is to be preferred for use in the 
road surface. If this test is to be at all conclusive, however, the 
different samples should contain about the same percentage of sand, 
and if there is much doubt about the sand content, it should be 
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determined for each sample prior to the time of making the slaking 
test, so that the percentage may be corrected by adding sand or clay. 
This test may be employed also to compare the slaking qualities of 
the same clay when mixed with different percentages of sand, and 
when so employed may afford a valuable guide in fixing the proper 
proportions for an artificial sand-clay mixture. In making the test 
several balls should be made and tested from each kind of clay, so 
as to afford check results. Also, in all the tests care must be exercised 
to keep the different samples from becoming confused after the balls 
are placed in the water. To do this, identifying marks may be placed 
upon the balls, or the balls from each sample may be placed in a 
different part of the containing vessel. 

(3) The amount which clay shrinks on drying out also may be a 
measure of its fitness for use in a sand-clay surface. The shrinkage 
may be tested by observing the behavior of the clay balls while they 
are being dried out, when those which shrink most will develop most 
cracks. Other things being equal, the sand-clay mixture showing the 
smallest shrinkage is best suited for use in a road surface. 

(4) Valuable comparative information regarding different avail- 
able clays or sand-clay mixtures may be gained sometimes by simply 
observing exposed surfaces, where the materials outcrop, under 
different weather conditions. The best clays will be capable of stand- 
ing on relatively steep slopes and will develop fewer surface cracks 
upon drying out after a wet season. They also will be little affected 
by frost and will appear dense and firm in dry weather. 

(5) To test the suitability of sand for use in a sand-clay surface, 
place a sample of the sand in a vessel containing water and agitate 
the water until the sand is thoroughly in suspension. Then, after 
the sand has been allowed a few moments to settle, pour off the water 
slowly. If of good quality, the sand will not be carried out with 
the water but will remain in the vessel until practically all of the 
water has been drained off. Sand containing a large percentage of 
mica or other ight mineral matter will not meet this test and is not 
generally suitable for use. 

(6) The methods described above for testing sand-clay materials 
are based on the assumption that the selection must be restricted to 
materials locally available and are intended simply to aid in com- 
paring the relative merits of such materials. But these methods 
can, of course, be adapted to more exact laboratory practice if. so 
desired.* 

14 rather detailed plan for laboratory procedure, which has been followed to paid 
extent in connection with the sand-clay roads of Georgia, is described by John C. Koch 


in the ‘‘ Transactions of the American Society of Civil Engineers,’’ Vol. LXXVII, Decem- 
ber, 1914, p. 1454. 
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- CONSTRUCTION METHODS. 


The proper method to employ in constructing a sand-clay road 
surface depends on the conditions to be met. In general, there are 
four distinct sets of conditions, all of which may occur in the same 
locality, or even on different sections of the same road. These are: 

Case 1, where the original roadbed is sandy and it is desired to 
construct the surface by admixing clay; 

Case 2, where the original roadbed is composed of clay and it is 


desired to construct the surface by admixing sand; 


Case 3, where it is desired to construct the surface of topsoil or 
other natural sand-clay mixture without admixing any of the roadbed 
material ; } 

Case 4, where it is desired to supply the clay and sand separately 


_ and mix the two materials together in place to form the surface. 


Before discussing the different cases separately, the general ends 
which all of the construction methods should aim to attain will be 
summarized briefly. 

- (1) The questions of location, design, drainage, grading, etc., are, 


if anything, more important in the case of sand-clay roads than in the 


ease of earth roads. These questions have all been discussed in 
another part of this bulletin. 
(2) The amount of clay contained in a finished sand-clay road sur- 


face should be only slightly more than sufficient to fill the voids in 


the sand. Ordinarily about one part of clay to two parts of sand 


' gives satisfactory results, though the proper proportion for any par- 


ticular case can be determined best by experiment. 

(3) For average country-road traffic and a stable roadbed, the 
depth of a sand-clay surface should be about 8 inches after it is com- 
pacted. If clean sand and pure clay were used to make the mixture, 
the respective depths of the sand layer and the clay layer required 
would be approximately 8 inches and 4 inches, measured loose. It is 
customary to decrease the surface thickness from center to sides, with 


a feather edge extending out over the shoulders, but this practice 


makes it necessary for most of the traffic to use the center of the 


road, and heavy vehicles using the edge of the surface are liable to 


break through the surfacing material. 


(4) In constructing a sand-clay surface, the two constituent mate- 


rials should be thoroughly and intimately mixed together in all cases. 


In: making artificial mixtures, therefore, much plowing and harrow- 
ing are required. 

(5) No matter what method is followed in constructing a sand- 
clay surface, traffic usually must be depended upon to puddle and 


compact the surfacing material, and the road never should be con- 
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sidered complete until after it has been subjected to traffic for a con- 
siderable period. During this period the surface should be kept in 
shape by repeated dragging, and if necessary additional sand or clay 
should be supplied at points which show weakness owing to these 
materials not having been mixed in proper proportions. 

Other features of the construction can best be described separately 
for each of the four sets of conditions mentioned above. 

Case 1.—To construct a sand-clay surface by admixing clay with 
sand from the roadbed, first grade the roadbed in the manner already 
described for earth-road construction, but keep the crown flat on the 
portion to be surfaced. Then spread clay over that part of the road- 
way which the surface is to cover, to such depth that, when it is 
mixed with the sand of the roadbed, a surface about 8 inches thick, 
after compacting, will be obtained. The loose depth of clay neces- 
sary to secure a finished surface 8 inches thick usually will vary - 
from 4 inches to 6 inches, according to the amount of sand the clay 
contains. After the clay has been spread, plow up sand from be- 
neath in sufficient quantity to make the net proportion of sand to clay 
about 2 to 1. Ordinarily the plow furrows should extend down into 
the sand from 4 to 6 inches, depending on the compactness of the 
roadbed and the amount of sand originally present in the clay. But 
it is better to have too little than too much sand, because it is easier 
to add sand from the roadbed than to haul additional clay. Next 
harrow the surface with a disk harrow. Repeat the operations of 
plowing and harrowing until the sand and clay are mixed thoroughly 
and uniformly. Then shape up the surface with a grading machine 
or road drag and permit traffic upon it. After the first soaking 
rain, plow and harrow the surface again until the surfacing ma- 
terial practically becomes mud, after which shape up the surface and 
keep it in shape by repeated dragging until it has dried out and is 
thoroughly compacted. Watch the road carefully for several months 
after it is first constructed, to correct deficiencies of sand or clay and 
to keep the surface in shape. The cross sections shown in figure 20 
illustrate the principal steps involved in contructing a sand-clay 
road surface according to the method just described, as well as the 
one described in the following paragraph. 

Case 2.—To construct a sand-clay road surface by admixing sand 
with clay from the roadbed, the process is exactly similar to that | 
described for Case 1, except that sand is spread over the graded road- — 
bed and clay is plowed up from beneath to mix with it. The depth 
to which the sand should be spread for an 8-inch finished surface 
usually varies from 4 inches to 8 inches according to the amount of 
sand contained originally in the clay of the roadbed. The depth to © 
which the plow furrows should extend down into the clay usually — 
varies from about 3 inches to about 5 inches, and depends on the sand 
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content of the clay and the compactness of the roadbed. It should 
be borne in mind that, in this case, it is better to have a surplus of 
sand than a surplus of clay in the surface, because the former is more 
easily corrected. 

Case 3—F igure 21 illustrates the two principal steps involved in 
constructing a sand-clay surface with topsoil or other natural sand- 
clay mixture. The roadbed should be graded in the usual way, ex- 
cept that the portion to be surfaced should be trenched out with the 
grading machine to receive the surfacing material. The surfacing 
material should be spread to such a depth that it will be at least 8 
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Gross section of completed road 
TYPICAL CROSS SECTIONS SHOWING METHOD OF CONSTRUCTING 
SAND-CLAY ROAD BY MIXING SAND OR CLAY WITH THE ROAD BED MATERIAL. 


“W" should be at least 12 feet for single track road, and “S" generally not less than 
5 feet, for double track ‘W"should be not less than 14 feet, and “S not less than 3 feet. 
As crown. varies from " to the foot for level grade, to I" to the foot for a grade 
(0) 5 Ye 5 


Fie. 20. 


inches thick at the center when compacted. After this is done per- 
mit traffic upon the road and keep the surface in shape with a road 
drag while it is being compacted. Where surfacing material may be 
obtained cheaply trenching is frequently omitted altogether, and the 
artificial surface is extended out over the shoulders. 

Case 4.—Where it is necessary to bring the sand and clay ‘on the 
road separately and mix them in place, the method employed should 
be a combination of the methods already described. That is, a 
trench should be formed with the grading machine to receive the 
bottom layer of material, which may be either the sand or the clay, 
and the top layer should then be spread and the mixing done as 
described in Case 1 or Case 2. The depths of the respective layers 
should be such as to secure a completed surface at least 8 inches 
thick, and the proportions should be fixed in the manner already 
described in discussing the other cases. Where the roadbed material 
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consists of clay which is not considered suitable for use in the sur- 
face, it is well to spread the sand layer first and to make its depth 
more than is sufficient for use in the surface. The surplus sand 
which remains under the completed surface then will serve to improve 
the drainage of the road. 

Plate IV, figures 1, 2, and 3, illustrates the several principal 
features involved in the construction of a sand-clay road and supple- 
ments the information given in the text. 


COST OF SAND-CLAY ROADS. 


From the foregoing discussion of construction methods, it is 
apparent that the conditions under which sand-clay roads are con- 


Cross section of completed road 


TYPICAL CROSS SECTIONS SHOWING METHOD OF CONSTRUCTING 
A SAND-CLAY ROAD, USING TOPSOIL OR OTHER NATURAL MIXTURE. 


"W'should be at least 10 feet for single track road and“S' generally not less 
than 5 feet, for double track,’W" should be not less than |4 feet and “S not 
less than 3 feet. 

“H" crown, varies from 3° to the foot for level grade, to |” to the foot for 
a grade of 5% 


Fie. 21. 


structed vary over a wide range, and that any general statements 
regarding costs may be very misleading when applied to a particular 
case. In general, for a cost estimate to be at all reliable it should 
be arrived at by considering the following items: (1) grading and 
preparing the subgrade, (2) excavating and loading surfacing ma- 
terial, (3) hauling surfacing material, (4). mixing and shaping 
surfacing material. 

Table 8 shows the cost of these items for several different sand- 
clay roads which have been constructed under the supervision of 
the Office of Public Roads and Rural Engineering and may be of 
some assistance in preparing estimates of probable cost for similar 
projects. As a matter of general information it may be stated that 
in the Southern States the cost of constructing 16-foot sand-clay 
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Fig. 2.—CONSTRUCTING SAND-CLAY ROAD. 


OPRRE4266 
Fic. 3.—SAND-CLAY ROAD; FINISHED AND IN SERVICE. 
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surfaces, exclusive of grading, usually has ranged between $500 and 
$1,500 a mile. 


TABLE 8.—Cost of sand-clay roads, exclusive of grading and materials. 


Project number. 


1 2 3 4 5 6 7 8 
~ Items. AIS SHAH | UR DS ee |e RO ee 
Brook-| Mos- | Pear- con Gay | Jack- | Tar- | go vig 
ville, | cow, sall, tonio Head, | son, | boro, Ona ’ 
Fla. | Miss. | Tex. meee Mass. | N.C. | N.C. ‘ 
Length surfaced in miles...........-- 0. 45 0. 78 0.79 1.00 2.19 0. 45 2. 50 0. 75 
Width of graded road in feet: 
(CHUNG) Ese ea Sal ee a P28 30 26 40 22 30 22 28 
WERT Sp peed or cere el ee es nS, Pa) 20 30 26 26 22 30 22 28 
Width surfacing (feet)...........----- 16 17 15 16 16 14 18 14 
Sand mixture: 
Sands(cubieiyards) 2.52.25. 2: GOGOL ao 24s uit ee Sal eres Me TOO 22 rea es i | rag gs 
Distance hauled in miles......... 0.75 ELS i | Sere Hee | 0.125 TOO ee alee ate a 
Depth applied in inches. ..-.---..-. Ny Ae eS | gar ah HON 6 Ct eae NRL See 5 
‘Clay mixture: & 
@lay (cubic yards). 2.-.:..2..... SSO ees 1,556 | 1,825 | 2,300 890 | 2,815 | 1,383 
Distance hauled in miles......-.. ORSON a sae 0.19 | 0.057 0. 10 DOO cei eytrseoucne 1. 42 
Depth applied in inches.......... a Weems 8 7 Sil adalat ne 6 8 
Scale of wages per hour: 
WalloOnensmain yee Mee Ne $0.175 | $0.10 |$0.12 {$0.15 $0.20 | $0.124 |$0. 08 $0. 16 
URC RN OOS) GBs see me Paerroayes Se a .00 25 23k . 345 .00 .39 24 . 30 
‘Cost: | 
Subgrade, per square yard......-. . 031 POS MN OOGE i MOOSS: eee apne .002 | .0018 - 0096 
Stripping for surfacing material, | 
BOLICUIDICEy ORCS ea ese a. al see ale ee . 091 . 072 . 010 -029 | .005 . 134 
Hauling sand, per cubic yard. ...-. . 425 BAO Ns ake wie Il . 223 RSA | LE Seno ipa 
Hauling clay, per cubic yard...... Be (Aral ae une .914 . 286 Ody Wes R250 - 567 
Spreading material, per cubic yard| .019 .007 | .032 | it .003 077 | .0178 072 
Mixing sand and clay, per square | 
IEG He Gee Sa i caer ere, Oe ee . 0035 .006 | .0017 |) .0069 sO Oral es Men Aes . 0024 . 007 
Finalshaping, persquare yard..--| .0035 |.......- .0005 | .0015 OOF VOO25 ir OO22 seer: 
General expense, per square yard.| .0157 |.......- MOOSE Se See ee . 006 OOS a] are OOO Mi eaters 3 
Total cost, per square yard.....- . 198 -105-) 2121 . 089 - 082 | 233° | .036 . 187 


GRAVEL ROADS. 


Roads that are artificially surfaced with gravel, as defined on. 
page 18, or with earthy material in the composition of which gravel _ 
predominates, are called gravel roads. This designation covers a 
variation in type which ranges from roads surfaced with a natural 
sand-clay mixture containing a considerable percentage of gravel to 
those having so-called “ gravel macadam” surfaces, composed almost 
wholly of pebbles and constructed in practically the same manner 
as first-class macadam roads. Gravel roads constitute about one- 
third the total mileage of surfaced roads in the United States and 
are confined to no especial section of the country. 

In the following discussion of gravel reads it is convenient to con- 
sider the subject under the two general heads, “ Selection of Gravel ” 
and ‘“ Construction Methods.” 


11t is desired to acknowledge the assistance of W. H. Rhodes, U. 8S. highway engineer, 
in preparing this discussion, and of J. T. Voshell, J. D. Fauntleroy, J. A. Whitaker, and 
James C. Wonders, U. S. district engineers, in reading and revising the text. 
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Ordinarily the selection of gravel for use in road surfacing must 
be confined to local materials which are or can be made suitable for 
that purpose. Because of high freight costs it seldom happens 
that road gravel of even the very best quality is transported by rail 
a greater distance than about 100 miles from the source of supply, 
and in the vast majority of cases it is hauled directly from pit to 
road in wagons. Since the quality of gravel varies to a consider- 
able extent, sometimes in different parts of the same pit, it is essen- 
tial that local road officials, who frequently are charged with the 
selection of such material, should have some knowledge of the rela- 
tion between the physical characteristics of gravel and its wearing 
qualities when -placed in a road surface. While such knowledge can 
best be gained by actual experience with different kinds of gravel, 
there are certain general requirements which mav be stated for the 
guidance of the inexperienced. For example, the following excerpt 
from Bulletin No. 2 of the Michigan State highway department pre- 
sents in very concise form the characteristics which gravel for road 
surfacing should possess, in the judgmert of the: State highway 
commissioner, in order to meet the Michigan conditions. 


Next to proper drainage, the most important thing in building gravel roads 
is to secure a good quality of gravel. Authorities have differed as to the re- 


quirements of suitable road gravels, most of them, in my opinion, placing too | 


much stress on the immediate packing qualities. Indeed, the average town- 
ship commissioner and farmers generally have become so imbued with the idea 
that it is necessary to use a gravel that will pack quickly that they have 
almost lost sight of the fact that the only thing which makes a gravel road 
better than an earth road is the pebbles, real stones, that it contains and is 
dependent upon to bear up traffic and resist wear. 

The most common material sought after for the binder in gravel roads is 
clay. But, considering all kinds of weather, it is probably the poorest cement- 
ing material we have. If present, much in excess of 10 per cent of the mass, 
it will make mud whenever there is a prolonged wet spell, and especially when 
frost is coming out of the ground in the spring. Ideal clay gravels contain 
only enough clay to coat the pebbles, with no free lumps. Such gravels are 
excellent for the first layer on sandy soils, but sand gravels are much better 
for the first layer on clay and loamy soils. 

.Gravels that come from the pit with the pebbles cemented together, even 
though they contain no clay, will recement in the road and become harder than 
they were in the pit. Tests of specimens of this kind always show that there 
is much lime present and usually some iron, both of which are excellent 
cementing materials. Briefly, the experience of the State highway department 
warrants the statement that there are few, if any, bank gravels in Michigan 
that do not contain enough limestone and other soft pebbles which grind up 
under traffic to furnish sufficient binder to cause them to consolidate in a few 


months’ time, if separated from the surplus sand and earth, and properly 


treated after applying to the road. 
In accordance with these suggestions, gravels are considered valuable for 
road purposes in the following order: 


ee 


Sa 
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(1) Almost in direct proportion to the percentage of pebbles constituting the 
mass. | 

(2) In direct proportion to the value as road metal of the rock fragments 
constituting the pebbles. 

(3) In direct proportion to the value as a cementing material under all 
conditions of weather, of the finer particles of earthy matter constituting the 
filler or binder. 

Since Michigan is one of the leading States in mileage of roads 
surfaced with gravel, the experience of the State highway depart- 
ment, as stated in the paragraphs quoted above, should be of consider- 
able value to road officials in other localities, especially where the 
gravel deposits are principally of glacial origin, as is the case in 
Michigan. But in many sections of the United States the gravel 
deposits contain practically no fragments of limestone or other soft 
rock which might pound up under traffic and serve as a binder to 
hold the larger particles together, and under such conditions clay or 
a sand-clay mixture usually must be depended upon to perform this 
office. 

-In general, the physical characteristics of gravel which determine 
its suitability for use in surfacing a road are: 

(1) The durability of the pebbles or rock fragments, (2) the 
quality of the binder, (8) the grading of the pebbles, and (4) the 

proportion in which the binder material is present. While the influ- 
ence each of these factors should exert in fixing the selection of gravel 
for a particular road depends upon local conditions and necessarily 
is a question for individual judgment to decide, nevertheless a few 
points in connection with each factor that may aid materially in 
reaching a decision will be summarized in the following paragraphs. 


DURABILITY OF PEBBLES. 

\ | 

The principal qualities which determine the durability of pebbles 
or stone of any kind when placed in a road surface are hardness, 
toughness, and resistance to wear. The extent to which pebbles pos- 
sess these qualities depends very largely on the character of the 
parent stone from which they were originally produced and accord- 
ingly varies over a wide range. Since nearly all gravel deposits 
contain pebbles which have been formed from many different kinds 
of stone, it has not been considered practicable to apply the ordinary 
laboratory tests’ for determining hardness, toughness, and per cent 
_of wear to gravel, and the matter of comparing these qualities, as 
possessed by the pebbles from different gravel deposits, usually de- 
pends on visual inspection. Not infrequently a very casual inspec- 
tion will reveal which deposit, among a great number, contains 


1U. S. Department of Agriculture Bulletin No. 347, ‘‘ Methods for the Determination of 
the Physical Properties of Road-Building Rock.” 
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the largest percentage of hard durable pebbles. There are compara- 
tively few cases where this point can not be determined with sufli- 
cient accuracy by sorting out the pebbles contained in representative 
samples from the different deposits, testing the various kinds with a 
hand hammer, and determining the relative proportions in which 
the more durable materials are present in the sample by means of a 
weighing device. 

Ordinarily the most durable pebbles which occur in gravel deposits 
are those composed of either quartzite or chert, though many de- 
posits contain fragments of lmestone or trap rock, either of which 
may make an excellent road-surfacing material. For example. the 
so-called “blue gravel” which occurs in certain sections of the coun- 
try usually is composed largely of trap-rock fragments and. generally 
ranks high as a road material. While limestone pebbles are less 
resistant to wear than those of trap rock, they possess the advantage 
of a relatively high cementing value and their presence in gravel 
may aid greatly in securing a well-bonded surface without an excess 
of clay. ‘ 

The pebbles which are least durable but very prevalent in gravel 
deposits are those composed of sandstone. As a rule, such pebbles are 
lacking greatly in toughness and will shatter under traffic. Gravel 
deposits also may contain a high percentage of partially disinte- 
erated pebbles which are even less durable than sandstone. “ Bastard 
granite’? is a common example of partially disintegrated rock, and 
not infrequently it happens that gravel deposits contain a high per- 
centage of this material. Partially disintegrated chert is found occa- 
sionally in gravels, but as such material possesses a relatively high 
cementing value, its presence in small proportion may be an advantage 
rather than a detriment to gravel deposits. 


THE BINDER. 


No matter how durable may be the pebbles contained in a given 
gravel deposit, they can not be used successfully in a road surface 
unless they can be well bonded together so as to present a combined 
resistance to the disturbing action of traffic. To accomplish this 
bond requires that the gravel contain some cementing or binding 
agent such as iron oxide, carbonate of lime, or clay. As already ex- 
plained, certain pebbles, such as those composed of limestone, possess 
the property of becoming firmly bonded together by virtue of their — 
own cementing value. . 

The principal cementing agent, or binder, present in most gravel — 
deposits is clay, and in case of deposits which do not carry sufficient 
binder, clay usually is the material added to correct the deficiency. 


t 
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While there are many exceptions to this rule, it is sufficiently general 
to warrant treating as special cases those deposits in which the binder 
is not clay. , 

The suitability of clay for use as a binder for a gravel road sur- 
face depends on exactly the same characteristics as its suitability 
for use in sand-clay construction (see pp. 39 et seq.). That is, a 
quality of clay which could be used satisfactorily in a sand-clay 
surface also should make a satisfactory binder for a gravel surface, 

- provided it is used in proper proportion and is properly mixed with 
sand. a 

Where the binder consists of some material other than clay its 
efficiency usually may be tested by observing an exposed bank of 
the gravel deposit. If the binder is. of satisfactory quality, the 
gravel should be capable of standing on a practically vertical slope 
and nearly always will contain many lumps composed of numerous 
pebbles cemented together with the binder. These characteristics 
are especially noticeable in the case of gravel deposits in which the 
binder consists essentially of iron oxide, as if some deposits found in 
_ New Jersey, Mississippi, and the lake basins of the West. 


GRADING AND PROPORTIONS. 


For gravel to make a satisfactory road surface, the stone particles 
_ should be graded in size sotthat the amount of binder required will be 
reduced toa minimum. ‘The reason for this is that the binder usually 
is much less resistant to wear than the stone particles, and therefore 
it is desirable that the latter form as large a part of the wearing sur- 
' face as is practicable. Most gravel deposits as they occur in nature 
satisfy this requirement in so far as grading of the pebbles is con- 
cerned, but they nearly always contain pebbles of a size larger than it 
is desirable to incorporate in a road surface. Natural deposits also 
“not infrequently contain too large a proportion of sand or clay to 
produce satisfactory results. It is desirable, therefore, that specifica- 
tions covering gravel for use in road construction should limit. the 
proportions in which the fine and coarse materials shall be present 
and a maximum limiting size for the pebbles, as well as definite 
requirements regarding the quality of the pebbles and of the binder. 
Table 9 shows the results of a number of tests made by the Office 
of Public Roads and Rural Engineering on gravel obtained from 
various parts of the country, with comments as to the suitability of 
the different samples for use in road surfacing. The comments are 
based on observation of existing gravel roads constructed of similar 
materials and are believed to be well grounded. 
61531°—Bull. 463—17-—4 
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In general, it has been found that satisfactory gravel will conform 
to the following limits as to percentages of fine and coarse material: 

(1) Material retained on a 4-inch sieve, 55 to 75 per cent. 3 

(2) Material retained on a 23-inch sieve, not less than 15 per cent. 

(3) Material (clay) passing a 200-mesh sieve for the surface 
course, 8 to 15 per cent. 

(4) Material (clay) passing a 200-mesh sieve for the foundation 
course, 10 to 15 per cent. 

The sand content should be at least twice as great as the clay con- 
tent; and the sand and clay, when thoroughly mixed, should be 
sufficient to fill the voids between the larger gravel particles. The 
percentages given above usually will conform to this requirement. 
The maximum limiting size for the pebbles ordinarily should be from 
24 to 3 inches, because where larger particles are permitted in the 
surface the rate of wear is made unequal, and it is more difficult to 
maintain a satisfactory bond between the different particles. ! 

A satisfactory mechanical analysis of a gravel sample along the 
lines indicated above frequently may be made in the field by first 
separating the coarse material from the fine by means of a 41-inch 
mesh screen and then washing the clay out of the fine material, as 
described in the discussion of sand-clay roads. Both the coarse and 
fine materials obtained from the sample may be further separated 
into different sizes by means of suitable screens if, for any reason, this 
is desirable in making the test. 

It happens very often that a mechanical analysis will indicate the 
necessity of screening the natural gravel to remove a portion of either 
the fine or coarse material so as to keep the proportions within the 
limits mentioned above. It is also necessary sometimes to wash 
the gravel in order to remove excessive clay, but this process is ex- 
pensive, and it is generally practicable to secure the desired results 
by screening. When the analysis shows the desirability of adding 
clay or sand to the gravel, this should be done as the surface is con- 
structed by spreading a uniform layer of the needed material over 
each course of gravel and mixing it thoroughly into the mass by 
harrowing. 

CONSTRUCTION METHODS. 


Figure 22 shows a typical cross section for a gravel-road surface _ 
and indicates the customary steps involved in the construction of © 
such a surface. The limiting thicknesses shown on this cross section 
are by no means followed universally, but are believed to represent _ 
the best current practice. The minimum thickness shown is supposed — 
to be employed where the traffic is light and the subgrade is uni-~ 
formly stable. while the maximum thickness is adapted for opposite 


conditions. Perhaps the most usual compacted thickness of surface — 


me 
ra 
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is 8 inches at the center and 6 inches at the edges. The difference in 
thickness between the edges and the center is effeeted by making the 
crown of the subgrade flatter than that of the surface. 

The construction of a gravel road usually is divided into two 
entirely distinct classes of work. The work of grading and prepar- 
ing the subgrade falls into one class, and that of hauling, spreading, 
and compacting the gravel into the other. The first class of work 
has been discussed at considerable length in connection with earth 
and sand-clay roads, but since it is desired to emphasize certain 
features of subgrade preparation that are of increased importance 


S 


Cross section showing the first course of gravel spread and roll 
Broken line shows the finished road section. 


AVANT AS 


TYPICAL GROSS SECTIONS SHOWING METHOD OF CONSTRUCTING A GRAVEL ROAD 


“"W" should be at least 10 feet for single track roadway and "S” generally 
not less than 5 feet; for double track, W"should be not less than 14 feet 
and“S"not less than 3 feet. 

H’, crown, varies from 3 inch per foot for level grade, to | inch per 
foot for a grade of 5%. 


ETes22) 


im connection with gravel road construction, both classes of work will 
be considered in the following discussion. 


PREPARATION OF THE SUBGRADE. 


Tn grading the roadbed and preparing the subgrade for a gravel 
surface, all of the precautions previously noted as applying to similar 
features of earth and sand-clay road construction should, of course, 
be observed. It should be borne in mind also that the more expensive 
a road surface, the greater should be the care exercised to prevent 
it from being damaged through settlement or upheaval of the sub- 
grade, and the greater should be the accuracy with which the sub- 
grade is constructed, so that no unnecessary surfacing material may 
be required to correct irregularities in grade and cross section. No 
matter what the soil conditions may be, the subgrade for a gravel 
road surface, when completed, should conform closely in grade and 
cross section to the requirements of the plans and should present 
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an even, uniform appearance. Also, it should be as firm and unyield- - 


ing as the conditions will permit. 

Some of the most important details requiring careful attention in 
preparing the subgrade, and which are perhaps most frequently over- 
looked, are (1) backfilling culvert trenches so as to prevent subsequent 
settlement, (2) exclusion of vegetable matter from fills, (3) provision 
for draining wet-weather springs which occur in the subgrade, and 
(4) the matter of thoroughly loosening and distributing the materials 
contained in old road crusts. These details are treated briefly in 
another part of this bulletin. . 

After the roadbed has been graded and drained properly, and the 
details mentioned above have received proper attention, the work of 
preparing the subgrade consists simply in forming a trench, as shown 
in figure 22, to receive the gravel surface. The trench may be formed 
largely with a grading machine, the operation of which is described 
on page 21, but the final shaping should be effected by means of picks 
and shovels and rolling. It is customary to provide grade stakes at 
intervals of about 50 feet, to serve as a guide for the pick and shovel 
work, and where extreme accuracy is desired cords may be stretched 
between the stakes to insure that the subgrade conforms to the 
required grade throughout. The rolling is done ordinarily with a 
power roller weighing about 10 tons. 

In order that the subgrade may be well drained during the proc- 
ess of spreading and compacting the gravel it is frequently neces- 
sary to provide shoulder drains at comparatively short intervals. 
Such drains are constructed by opening small ditches through the 
shoulders and partially filling them with gravel. (See specification 
on page 66.) 


THE GRAVEL SURFACE. 


The principal precautions to observe in constructing a gravel road 
surface, after the subgrade is prepared, may be commented upon 
briefly as follows: 

(1) The gravel should be delivered on the work in wagons or cars 
especially adapted for spreading each load uniformly over that part 
of the subgrade for which it is intended. Where loads are dumped 
all in one spot and spread later with shovels, as is done frequently, it 
is very difficult to secure uniform density of the surface crust by 
subsequent harrowing and rolling. The spots where the loads are 
dumped nearly always will be more densely compacted than the areas 
between, and, as a result, uneven settlement will develop soon. 

(2) The gravel should be spread in two or more courses, and the 
thickness of the different courses should be approximately the same, 
except that the first course may be made somewhat thicker than the 
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succeeding courses, because, in general, a thicker layer of gravel 
may be compacted on the subgrade than when spread over a layer of 
gravel already compacted. It usually is impracticable to have the 
compacted thickness of any course greater than about 5 inches, and 
quite frequently 3 or 4 inches is as much as can be compacted satis- 
factorily at one time. 

(3) After each course of gravel is spread it should be harrowed 
with a tooth harrow until the various sizes of particles and the binder 


- or cementing material are distributed thoroughly through the mass. 


Then it should be compacted by rolling with a power roller weighing 
about 10 tons, or by means of traffic. Where a roller is employed the 
rolling should be continued until the particles of gravel are all well 
bonded together and the surface presents a smooth, uniform appear- 
ance. When completed, the surface of each course should be so firm 
and unyielding that it will not be disturbed in any way by subsequent 
traffic. 

(4) Where it is necessary to add sand or clay to the gravel in 
order to fill the voids it should be done after each course is spread 
and before it is harrowed, except that with some kinds of gravel it 
may be permissible to add a limited amount of fine material to the 


surface of the top course after the harrowing is completed and the 
rolling is in progress. 


(5) Where the binder consists of some material other than clay, it 
may be desirable to sprinkle each course with water while it is being 
rolled, and even where clay is used as a binder a smail amount of 
sprinkling may be necessary in dry weather in order to secure a satis- 
factory bond. The sprinkling should be done uniformly and in 
such quantities as not to wash the fine material out from the gravel 
or to soften the subgrade. 

(6) When the road surface is complete it should be uniform 
in grade and cross section. If depressions occur under the roller 
they should be corrected by adding gravel and continuing the rolling, 
and this should be kept up until no depressions or appreciable waves 
are produced by the roller in moving back and forth over the surface. 

(7) After the road is opened to traffic, it should be watched very 


carefully for several months and all defects which develop should be 


corrected immediately. The work of maintaining the road until the 
surface no longer “ picks up” or ravels under traffic should be con- 
sidered an essential feature of the construction. When trafiic is 
depended upon to compact the gravel, much dragging is necessary 
in order to secure a smooth, well-bonded surface. In fact, the cost 
of dragging, under such conditions, frequently may exceed the cost 
of securing a well-bonded surface by means of rolling. 

Plate V, figures 1, 2, and 3, illustrates the different kinds of work 


_ involved in gravel-road construction. 
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The construction method .described above is modified quite fre- 
quently by omitting the subgrade trench and the rolling. The prac- 
tice followed in many localities is simply to grade up the roadbed and 
heap gravel along the central portion. Traffic is then depended upon 
to spread and compact the gravel and produce a uniform surface. 
While some of the roads constructed in this way are great improve- 
ments over the original earth roads they nearly always are crowned 
too much for comfortable driving, and seldom wear as well as when 
the more careful method of construction is followed. It is believed, 
therefore, that in the long run it pays to employ a trenched sub- 
grade and to compact the surface by rolling, though a possible ex- 
ception to the economy of a trenched subgrade may exist where good 
gravel may be obtained very cheap. In this case it may be cheaper 
to surface the entire roadway than to incur the additional expense of 
trenching and constructing earth shoulders. 


COST OF GRAVEL ROADS. 


In estimating the cost of a gravel road it is necessary to consider 
(1) the cost of grading and preparing the subgrade, (2) the pur- 
chase price of the gravel it is proposed to use, (3) the cost of de- 
livering the gravel on the road, and (4) the cost of spreading and 
compacting the gravel. 

The cost of grading has been discussed in connection with earth 
roads and need not be considered here. But it should be borne 
in mind that the cost of preparing the subgrade, after the rough 
grading is complete, depends to a very considerable extent upon the 
degree of care exercised in doing the latter work. The character of 
the soil composing the roadbed also may be an important factor in 
determining the cost of preparing the subgrade, especially if any 
considerable period of time elapses after the completion of the rough 
grading before the subgrade is prepared. Some soils remain loose 
indefinitely and are worked into proper shape easily, while others 
may become hard and compact in a very short time after being placed 
in a roadbed. 

Where a road has been graded previously with moderate care and 
has not settled out of shape or been allowed to erode, and where the — 
price of labor is about 20 cents per hour and of teams about 40 cents 
per hour, the cost of preparing a subgrade for a gravel road sur-— 
face varies about as follows: | 


Cents 
per square 

yard. 
Bisht Los soit 22 ne eee 14 to 2 
Light clay soil, freshly eraded.222 ot) os eee i eee 2 to 4 
Stiff clay: soil, freshly snaded. 2252s. Sao eee a. tors 


Stiff clay soil, thoroughly compacted__._._.__._._____.___.______ 5 to 8 
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Fia. 1.—CONSTRUCTING A GRAVEL ROAD SURFACE IN TWO COURSES. 
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Fic. 2.—COMPLETED GRAVEL ROAD IN USE. 
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Fia. 3.—GRAVEL PIT IN ALEXANDRIA COUNTY, VA. 


——- — —— 


EARTH, SAND-CLAY, AND GRAVEL ROADS. Ent 


These costs include all necessary. rolling for compacting the sub- 
grade. 

The two succeeding factors, purchase price of gravel and cost of 
delivering the gravel’on the road, evidently are dependent to a very 
great extent on local conditions, and their influence on the cost of a 
given road can not be determined except by a study of those condi- 
tions. The following data are intended to serve only as an aid in 
making the necessary study. | 

(a) A cubic yard of loose gravel ordinarily weighs between 2,709 
pounds and 3,300 pounds, the average weight being about 3,000 
pounds. 

(0) Loose gravel will shrink from 20 per cent to 30 per cent in 
volume when compacted in a road surface. In determining the loose 
volume of gravel required for a given project, it is customary to 
compute the compacted volume and add at least one-third. 

(c) The average cost of loading pit gravel by hand into wagons is 
about 20 cents per cubic yard. Where the amount of work to be done 
is sufficient to warrant the installation of a steam shovel or the con- 
struction of a special scaffold so that wheeled scrapers may be used 
for loading, the cost of this work may be reduced, sometimes 50 per 
cent or more. 

(qd) The cost of screening gravel varies greatly according to the 
character of the pit-run material and the kind of screening equip- 
ment employed. Hand screening usually costs from 25 cents to 48 
cents per cubic yard, while with a properly arranged mechanical 
screen the cost should not often exceed 15 to 20 cents per cubic yard. 

(€) The cost of hauling depends on the equipment used and the 
condition of the road over which the hauling is done. With teams 
at 50 cents per hour and the roads such that 2 tons may be hauled 
at a load the average cost for hauling is about 25 cents per ton-mile, 
or 3/3 cents per cubicyard-mile. 

The fourth factor to consider, cost of spreading and compacting 
the gravel, depends on the character of the gravel and of the equip- 
ment, as well as on the cost of labor. On five gravel-road projects 
recently completed under the supervision of the Office of Public 
Roads and Rural Engineering the cost of spreading the gravel : 
ranged from about 3 cents to about 8 cents per cubic yard. The 
average cost was about 63 cents per cubic yard, and the average cost 
of labor was about 20 cents per hour. The wagons used in all cases 
were dumped directly upon the subgrade and were designed to spread 
the material to a considerable extent while it was being dumped. 

The cost of rolling the gravel on the above five projects ranged 
from slightly less than $ cent per square yard of surface to about 1 
cent per square yard, ad the average cost was about 0.6 cent 


hc) ane 
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per square yard. These costs include labor only, and if fuel for 
the roller and depreciation were considered, the average cost probably’ 
would approximate 14 cents per square yard. 


ROAD MAINTENANCE. 


METHODS OF MAINTENANCE. 


As soon as a road is constructed, the action of traffic and the 
weather begin to destroy it, and to counterbalance the effects of 
these deteriorating influences it is necessary to institute some sys- 
tem of maintenance. There are two common ways of maintaining 
a road. One is to make periodic repairs or renewals after sections 
of the road have been practically destroyed; the other is to employ 
a system of continuous maintenance under which all injuries to the 
road are repaired as fast as they occur. For the types of roads which 
have been discussed the system of continuous maintenance is much 
more preferable from practically every aa and that system 
alone will be discussed here. 


THE RGAD DRAG.1 


The road drag is a simple and inexpensive device for maintain- 
ing certain types of roads which, when wet, become rutted under 
traffic but which become firm on drying out. It is useful also in pro- 
ducing a smooth and uniform surface on newly constructed roads of 
earth, earthy gravel, or any similar material. Figures 23 and 24 show 
typical designs for road drags made, respectively, of a split log and 
of sawed timber, and drags made in accordance with either design 
may be operated with two horses. 

Properly used at the right time the drag performs four distinct 
functions: first, by moving at an angle with the traveled way, it | 
tends to produce or preserve a crowned cross section; second, if used 
when the surface is comparatively soft, it tends to reduce irregulari- 
ties in the road, by moving material from points which are relatively 
high to those which are relatively low; third, when used after a 
rain it accelerates the drying out of the road by spreading out pud- 
‘dles of water and thus exposing a greater area to evaporation; 
fourth, if the surface material is in a slightly plastic state, dragging 
smears over and partially seals the so-called pores which naturally 
occur in earthy material, and thus makes the road surface more 
nearly impervious to water. 

To obtain the best results dragging should be done only when the 
surface of the road is sufficiently moist for the material moved by the 


1 See Farmers’ Bulletin No. 597, ‘‘ The Road Drag and How it is Used.” 
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_ drag to compact readily after it is moved, but not sufliciently Wek for 


traflic following the drag to produce mud. 
The principal factor in successfully operating a properly con- 
structed road drag, provided the condition of the road is favorable, 


is skill on the part of the operator. Such skill can be obtained only 
| by intelligent experience, and no rules can be laid down which would 
| enable an inexperienced operator to produce first-class results. 


Under ordinary circumstances the position of the hitching link on 


| the draw chain should be such that the runners will make an angle of 
| 60° to 75° with the center line of the road, or, in other words, a skew 


angle of from 15° to 30°. But when dragging immediately over the 
ruts, or down the center of the road after the sides have been 


| dragged, it may be found advantageous to place the hitching link at 
| the center of the chain and run the drag without skew. An intelli- 
| gent operator will learn quickly to adjust such details as this, as well 
| as to shift his weight while riding upon the drag in order to make it 
| cut where cutting is desirable, and deposit material where material 
| is needed. 


MAKING REPAIRS. 


If roads of such types as have been discussed are to be maintained 


| properly, they must frequently receive other attention than mere 
| dragging. The side ditches should be kept open and free from vege- 
| tation, the cross drains and culverts maintained in proper condition, 


and worn places in the surface repaired as fast as they develop. 
The material used in repairing the surface should be the same as 


| that composing the surface and should be put on in such quantity 


and manner that after it is compacted the surface will be uniform 


and continuous. Much time and labor can be saved by making re- 


pairs as soon as needed, because when a bad place once develops in a 
road it generally will spread very rapidly until proper steps are taken 


| to correct it. 


COST OF MAINTENANCE. 


There are not sufficient cost data’available at present to warrant 
any very definite statements as to the cost of maintenance, but when 


roads can be maintained largely by use of the drag, as usually is the 
case with the simpler types of construction, the cost ordinarily is very 


small. Accurate data kept by a representative of the Office of Public 


| Roads for road maintenance in Bennington County, Vt., during 


1912 and 1913 showed that under favorable conditions a road could 


| be dragged at the rate of about 1 mile per hour. This was where 


the road was comparatively well shaped and only one trip in each 
direction was necessary. Where more trips of the drag were re- 
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quired the rate was, of course, correspondingly diminished. In this | 
county teams with drivers cost from $3.50 to $5 per working day of — 
from 8 to 10 hours, and the cost per mile for dragging a road in one | 
trip showed a corresponding variation. The number of draggings 
necessary per year varied over a wide range and depended on the © 
length of time the road had been constructed and the character of the 
material composing the surface. 

The average cost per mile of dragging an earth road 8 miles long 
in Alexandria County, Va., during 1911 and 1912 was $1.25 for 
each dragging, which included an average of three round trips, and | 
the total number of draggings necessary to maintain the road in 
good condition was 24 per year, making the average cost for drag- 
ging $30 per mile per year. This road was maintained as an experi- 
ment by the Office of Public Roads and Rural Engineering. 


APPENDIX. 


TYPICAL SPECIFICATIONS.’ 


The following specification clauses are intended only as an aid in 
preparing detailed specifications for contract work and frequently 
will need to be modified to meet special conditions. The general 
clauses and the clause covering grading are applicable to the three 
types of construction which have been discussed in the text, while 
the subsequent clauses are arranged with especial HOME ene to sand- 
clay and gravel construction. 

In general, all contract road work should be done under the super- 
vision of a competent highway engineer, who, before contractors are 
invited to submit bids, should prepare ye Gohane covering the 
work to be undertaken. 


Location.—The work referred to in these specifications is te be done on the 
— road, beginning at and extending in a direction through —-—— 
to , a distance of —— miles. 

Work to be done.—The contractor shall do all clearing and grubbing, make all 
excavations and embankments, do all Shaping and surfacing, ecnstruct all drain- 
age structures and other appertaining structures, move all obstructions in the 
line of the work, and, unless otherwise provided in these specifications, shall 
furnish all equipment, materials, and labor for the same. In short, the con- 
tractor shall build said road in strict accordance with the plans and specifica- 
tions and shall leave the work in neat and finished condition. 

Plans and drawings.—The plans, profiles, cross sections, and drawings on file 
in the office of at show the location, profile, details, and dimensions 
of the work which is to be done, and shall be considered as a part of these speci- 
fications. The work shall be constructed according to the above-mentioned 
plans, profiles, cross sections, and drawings. Any variation therefrom, as may 
be required by the exigencies of construction, will in all cases be determined 
by the engineer. On all drawings figured dimensions are to govern in cases of 
discrepancies between seale and figures. 

Grading.—Grading shall include all excavating, filling, borrowing, trimming, 
picking down, shaping, sloping, and all other work that may be necessary in 
bringing the road to the required grade, alignment, and cross section; the clear- 
ing out of waterways and old culverts; the excavation of all necessary drain- 
age and outlet ditches; the grading of a proper connection with all intersecting 
highways; the grubbing up and clearing away of all trees, stumps, and bowlders 
Within the lines of the improvement; and the removal of any muck, soft clay, 


1 These specifications were prepared by the Office of Public Roads and Rural Engineer- 
ing largely for its own use in connection with particular projects. 
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or spongy material which will not compact under the roller1 so as to make a 
firm unyielding subgrade or earth road surface. 

All trees, stumps, and roots within the limits of the improvement shall be 
gsrubbed up so that no part of them shall be within 6 inches of the surface of 
the ground or within 18 inches of the surface of the subgrade, except that if 
they:occur in an area to be covered by a fill more than 18 inches in depth they 
shall be grubbed up or cut off even with the present surface of the ground. 

Embankments shall be formed of good sound earth or stone and carried up 
full width. The material shall be deposited in layers not more than 1 foot 
in thickness, and each layer shall be rolled* until thoroughly compacted with 
a roller weighing not less than 10 tons. All existing slopes and surfaces of 
embankments shall be plowed or scarified where additional fill is to be made, 
in order that the old and new material may bond together. When sufficient 
material is not available within the right of way to complete the embankments, 
Suitable borrow pits from which the contractor must obtain the necessary 
material will be designated by the engineer. If there is more material taken 
from the cuts than is required to construct the embankments, as shown on 
the plans, the excess material shall be used in uniformly widening the em- 
bankments or shall be deposited where the engineer may direct. Where 
embankments are formed of stone, the material shall be carefully placed so 
that all large stones shall be well distributed and the interstices shall be 
completely filled with smaller stone, earth, sand, or gravel, so as to form a solid 
embankment. 

During the work of grading the sides of the road shall be kept lower than 
the center and the surface maintained in condition for adequate drainage. 

The grading of any portion of the road shall be complete before any surfac- 
ing material is placed on that portion, and where the plans do not eall for any 
substantial change in the grade of any existing section of the road, the surface 
shall be completely scarified to a depth of 3 inches or more before the subgrade 
is prepared. 

All excavated material’ will be classed as earth and rock. Only rock in 
place which requires blasting for its removal and bowlders of one-half cubic 
yard or more in volume will be classed as rock excavation. 

Materials obtained from excavation and used in embankments will be paid 
for as excavation only, though the contractor is required to shape and trim 
the embankments properly. Materials obtained from excavation and used for 
surfacing will be paid for only once and at the price bid for surfacing 
material. 

Quantities of materials moved in grading will be measured in excavation 
and the volumes determined by the average end-area method, and no payment 
will be made for materials excavated outside the slope lines shown on the 
plans unless the additional excavation is ordered by the engineer. 

The contract prices for excavation shall be compensation in full for all the 
work which is required to be done under the heading ‘“ grading,” except that 
an additional allowance at the rate of 13 cents per cubic yard per 100 feet 
will be made for all materials of excavation necessarily hauled more than 500 
feet. The centers of gravities of cuts and corresponding embankments will 
be used in determining the length of haul, and if the center of gravity of the 


-1¥For earth and sand-clay arods the rolling is frequently omitted. 

2In general it is more satisfactory to classify the materials of excavation and to invite 
unit-price bids rather than lump-sum bids. However, if unit-price bids are invited it is 
important that the various quantities be accurately determined in order that the best bid 
may be selected. If lump-sum bids are desired, omit the following paragraphs. 
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eut is more than 500 feet from the center of gravity of the corresponding fill, 
overhaul will be allowed for the entire amount of material in the cut for the 
actual distance in excess of 500 feet. ; 

Drainage structures.—|[Insert specifications for necessary drainage structures. | 


SPECIFICATION FOR SAND-CLAY ROAD. 


Subgrade.—The graded roadway shall be brought to the elevation, alignment, 
and cross section indicated for subgrade on the plans, and shall be maintained 
free from ruts and other depressions until covered with the surfacing material. 

Natural sand-clay surfacing.—The engineer will designate suitable places for 
obtaining natural sand-clay mixtures for surfacing. 

All unsuitable material that may overlie the acceptable material shall be 
stripped off and removed, and this work will be paid for at the unit-price bid for 
stripping, measured in excavation. 

The natural sand-clay mixture shall then be excavated, hauled to the road, 
and spread. All excavation shall be so conducted that the pits will be left in 
good and sightly condition, and that, where possible, provision will be made for 
draining the pits without additional excavation beyond their limits. 

Hauling.—The hauling shall be done in wagons of approximately uniform 
capacity, and the loads shall be dumped at such a distance apart as will give 
the amount of material required to construct the surface according to the 
proposed cross section. 

Spreading.—The surfacing material shall be immediately spread on the pre- 
pared subgrade to such depth that the surface, when compacted, will conform 
accurately with the profile, alignment, and cross section, as shown on the 
drawings. Ali subsequent loads may then be hauled over the surface thus 
formed. 

The construction of the surface shall begin at that point on the road hearest 
the source of material and be continued from such point. In hauling over the 
material as deposited, wagons will be required to use the entire width of sur- 
faced roadway so as to compact the whole section as nearly to a uniform 
density as possible. The teams will not be permitted to follow a single track 
or to form ruts. 

Finishing.—After 500 or 600 feet of roadway have been thus roughly con- 
structed the surface shall be cut up and pulverized to a depth of 2 or 3 inches 
with a plow or harrow and at the same time the shoulders on each side of 
the surfaced portion of the road shall, if necessary, be sufficiently loosened to 
permit of a smooth regular crown being constructed from shoulder to center 
of road. 

When the roadway has been loosened sufficiently, the surface shall be worked 
with a road grader or drag to the true cross section required by the plans. This 
operation shall be repeated daily until the entire surface becomes smooth and 
firm. 

Mixing sand clay—In case the natural sand-clay mixture, as found, does not 
contain a sufficient percentage of either sand or clay to give a durable surface 
| there shall be spread as much of the deficient material as the engineer may 
_ direct, and this shall be thoroughly mixed and incorporated with the material 
previously spread. In places where a natural mixture is not available suitable 
amounts of clay or sand shall be hauled, spread, and mixed as directed by the ~ 
» engineer. 

The process of mixing may require plowing to a depth of 6 or 8 inches and 
_ harrowing with a disk or tooth harrow, and this work may be required in wet 
weather. ‘ 
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All mixing shall be classed as extra work and shall be paid for at prices 
bid for force account work. 

The completed surface will be paid for by the cubic yard of surfacing material 
used, measured in excavation. So much of the surfacing material as is neces- 
sarily hauled more than feet will be classed as sand-clay overhaul and paid 
for at the price bid for this item. 


SPECIFICATION FOR SURFACING A ROAD WITH GRAVEL. 


Subgrade.—The subgrade, or that portion of the road upon which the sur- 
facing material is to be jaid, shall consist of good sound earth brought to the 
proper elevation, alignment, and cross section, and shall be rolled until firm 
and hard. The rolling shall be done with a roller of the macadam type, 
weighing not less than 10 and not more than 15 tons. Should earth be encoun- 
tered which will not compact by rolling, so as to be firm and hard, it shall be 
removed and replaced with suitable material, and that portion of the subgrade 
shall be again rolled. When the rolling is completed the surface of the sub- 
erade shall conform to the cross section shown on the plans and shall have the 
proper elevation and alignment and shall be so maintained until the surfacing 
material is in place. No surfacing material shall be spread on any portion of 
the road until the subgrade of that portion has been prepared as herein specified. 

Shoulders.—During the preparation of the subgrade, and before any sur- 
facing material is placed thereon, shoulders shall be built of the width shown 
on the cross-section drawings and to a height not less than the edge thickness 
of the first course of gravel before it is compacted. They shail be true in 
alignment and shall have the edges next to the subgrade as nearly vertical 
as the nature of the soil will permit.* If intermediate courses are required, the 
shoulders shall be built up to receive each course in the manner described above 
for the first course before the material for that course is spread. Before 
the wearing course is spread, sufficient material shall be added to the shou!l- 
ders to bring them up level with the surface of the wearing course before it 
is compacted and so that the shoulder when rolled wili have the shape shown 
on the cross-section drawings. No material which contains weeds, sod, roots, 
or other perishable matter and which will not compact under the roller shall 
be placed in the shoulders. The shoulders shall be thoroughly compacted by 
rolling at the time the wearing course is rolled, and when complete shall be 
uniformly firm and unyielding and of the required shape. 

Should the contractor prefer, he may build the shoulders at one operation 
before any surfacing material is placed on the subgrade, but if the shoulders 
are so built they shall be reshaped after each course is rolled and before the 
succeeding course is spread. 

The contract price for shaping the subgrade and shoulders shall be compensa- 
tion in full for all work directed to be done under the headings “ Subgrade” 
and ‘‘ Shoulders.” : 

Shoulder drains.—Shoulder drains shall be constructed where indicated on 
the plans or directed by the engineer and shall be of such depth and length as 
may be necessary to drain water from the subgrade into the side ditches. 
The ditches for such drains shall be excavated just before the first course of 


1 Tf the material composing the shoulders should be so loose that a nearly vertical edge 
can not be obtained, boards may be staked in line to hold the gravel in place. As soon 
as the first course of gravel has been spread earth should be placed against the boards 
and they should be removed before any rolling is done. The general use of these boards 
is discouraged. 
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gravel is spread and shall be filled with No. 1 gravel to within 2 inches of the 
finished surface of the shoulder. i 

The contract price for shoulder drains shall be compensation in full for 
constructing them as above specified, except that the No. 1 gravel used shall 
be paid for by the ton at the price bid for No. 1 gravel in place in the first 
course. 7 

Gravel surface.—On the subgrade, prepared as herein specified, shall be con- 
structed a gravel surface of the cross section and number of courses shown on 
the plans, and each course when compacted shall have the thickness indicated 
on the plans. 

Gravel.—The gravel used in this work shall consist of hard durable particles 
of stone mixed with sand and clay or other bonding material. Not less than 
55 per cent nor more than 75 per cent, by weight, of the gravel shall consist of 
stone particles sufficiently large to be retained on a one-fourth inch mesh screen. 

The material passing a one-fourth inch mesh screen shall consist of sand and 
clay or other bonding material which, when tested in the manner described 
in Department Bulletin No. 347, ‘‘ Methods for the Determination of the 
Physical Properties of Road-building Rock” (p. 15), shall have a cementing 
value of not less than 50. This material shall not contain more than 383 per 
cent, by weight, of clay. The material retained on a one-fourth inch mesh 
screen shall be graded from fine to coarse so that not more than 75 per cent and 
not less than 25 per cent will pass a three-fourths inch mesh screen. 

The gravel for the first course, hereafter designated as ‘‘ No. 1 gravel,” shall 
not contain any particles which would be retained on a sereen having circular 
openings 24 inches in diameter. The gravel for the wearing course, hereafter 
designated as “ No. 2 gravel,” shall not contain any particles which would be 
retained on a screen having circular openings 1# inches in diameter. 

Gravel obtained from the pits located at [insert location descriptions of ap- 
proved gravel pits] will be acceptable under this specification, provided that, if 
necessary, the gravel shall be screened to remove any excess of either fine or 
coarse material which it may contain above the limits specified. 

First course.—The first course shall consist of a single layer of No. 1 gravel, 
spread uniformly to such a depth that when compacted it will have the thick- 
ness shown on the cross-section drawings. The gravel shall be spread by hand 
from dumping boards or by dump wagons of a type that will distribute the 
gravel evenly over that part of the subgrade to be covered by the load or by 
wagons that will distribute it uniformly over the subgrade in rows containing 
not more than 1,000 pounds of gravel in a length of 10 feet. In order to secure 
the required thickness for the course, the contractor shall, if required by the 
engineer, set wooden guide blocks upon the subgrade at frequent intervals. 
These blocks shall be about 6 inches square and of a height equal to the re- 
quired depth of the loose layer, and the gravel shall be spread flush with the 
tops of the blocks. After the gravel has been spread, as above specified, it 
shall be harrowed with a tooth harrow until the different-sized particles and 
the cementing material are evenly distributed through the mass. It shall then 
be rolled until it is thoroughly compacted and firm. The rolling shall begin at 
one edge of the course, one rear roller wheel overlapping the shoulder from 2 
to 6 inches, and shall progress gradually to the center of the road in such a 
manner as to insure the uniform compacting of the gravel. The rolling shall 
then begin at the opposite edge and proceed as above. All irregularities and 
depressions that may develop shall be corrected immediately by reharrowing 
and adding No. 1 gravel, and the rolling shall be repeated, so that when the 
course is completed it shall be well compacted and firm and shall conform te 
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the required grade and cross section. It shall be so maintained until the 
second course of gravel has been spread. 

Intermediate courses.—When intermediate courses are required, they shall be — 
constructed in a manner exactly similar to that described above for the first — 
course. ~ 

Wearing course—After the first and intermediate courses of gravel have been 
rolled as specified the earth shoulders shall be built up or reshaped to con- 
form with the finished cross section of the road, and the wearing course, con- 
sisting of a single layer of No. 2 gravel, shall be spread uniformly to such a 
depth that when compacted it will have the thickness shown on the cross- 
section drawings. The methods specified for spreading, harrowing, rolling, 
and correcting irregularities and depressions in the first course shall also apply 
to the wearing course, except that the rolling for the latter shall begin on the 
shoulder, at least 2 feet from the edge of the gravel. 

When the gravel surfacing and shoulders have been rolled until thoroughly 
compacted and have been brought to the required cross section the surface 
shall be sprinkled with water from properly constructed sprinkling wagons and 
again rolled according to the method already described. The amount of water 
used shall be sufficient to wet the gravel but shall be put on in such quantity 
and manner as not to wet and soften the subgrade. Sprinkling and rolling 
shall be continued until the surface is thoroughly bonded.* 

When completed the gravel surface, shoulders, side ditches, and side slopes 
shall be true to the grade and cross section shown on the plans and drawings. 

The contract price per ton for gravel to be used in surfacing shall be full 
compensation for digging, screening, loading, spreading, harrowing, rolling, 
sprinkling, and hauling the gravel one-half mile or less. Stripping of gravel pits 
will be paid for at the contract price for excavation. The contract price for 
overhaul of gravel will be paid on all gravel hauled a distance greater than 
one-half mile. 


i1Jf the gravel contains clay of such quality that it causes the surface material to 
adhere to the wheels of the roller, the surface should be sanded with coarse sand. It is 
advisable also to finish the surface of a gravel road, built of gravel containing clay, with 
a coat of sand about one-half inch in thickness, before traffic is allowed upon it. 
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